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.....,."" ....
The ""* ftPCIrWcI. bol'01n _. earr1lld. =t 1n tbs .sou. Labe",~
ot tbs "'~ Ilssouoh Proj6at. Ths >m'k _ d.omIl undar tbs !OJP'....
mien of hot.~ E1.dcm. J. Yoclv.
Jf!'. Altcaac> Bu:ge.... cendw:ted all of tl» 1nit.l.al teata en. t.I>lI
~~. HI COlI1uotDd. tho! UN o:t tJ. Iwa9y l1qu1da.
Ilt'. Ifdtbllw Witosak 1a eurrentl;t conductiJl!l tlllI tom \IlIUl,g thrn
d11't0J'0nt tAlclM:r Pl8I'. a. u N~U>lA tor testll 011 the .0U8 &ll4
4spth of 1nnUllIlCl'l .-.aure:...nt..
lflo. n...... \lj111plls'l!l~ tha 1Il1t1al arott of thl.8 ~fOg:'Il'"
rapon an4 hi also .",1st«!. in~ """" of tM lato:rntol'T tam.
Part. or tIWI J'Il'P"rt. &1'01 tal<Ml !'!'lI:l the IZGS; th&oa -In1'lIlan<le
or S8l81lted. }kto1'14l I'JO~ on lb:la... ~tion oJ' Dena:1tT
llllIlltl1atuI'e- by .utonso~.
""""'moo
c.-. Au&uet 9. 196J" toM Jo1nto~ RitMar'l:b P:<>.lNt. Mneo17
Ilc>u<1 ao>j>l'U.ecl • pJ..-n or l't\>l;T ant.1Uad ":tmeIt:l,gaUon or lIIIc1M.r Dena1t;r
&l)cI~ J.Iotuo.. n. purpose of t.b1a l<t\lll;1 .... t.a 1Im>ertJ&o.te t.bo
\l;\Ia or • OQlIDiIlO1Il1.r PaUatu. ~11>'8 dena1tJ" ..w.. ror POAlJ>la \loa
bT tlI& Ial1anI.~ C'.clad&o:1o<L.
It. ... p.10p0eed to oo,...et lIOil aalIIphs :In large ooat.a1m1"ll 1n the
kbPmo..,. az:d ted tM_ ua1Jlc tbt 1:I>iRUJ-..dena1t;r ,. 1M use of
thol large oollt.a1Dml WILlI p1<>pOHCI. to f·C!l1tot.ct <tlNot. Ul'llIIIlnt of
bIIlJt dma1t;r .. ...u I. 4eas1tt Iia1Ilg t.lw~_.
It lOU abo~ that ~'"' lIt>Jd1te boo m48 "I the iJlatz-
IW1t 10 thoI &ld. 'lIda to be dolIII b1 taIc1l\B tbo~ to 'tlU":l.o<oI
DO~ p1'O~ct.& U1d Ila1lC it to tod baM 0<l1U"l1 an1~
IQ.terlalll. !heSI J'Nlll.te COIll4 tMI!. be COIIptU"e4 to relJlllts IICl11e'no4 b.7
Il81llg 00J!'/eIlt.10n& t4e1;1ng ;>l'IOtJ.c.••
Il1noI7 at stu4
tbI p!'<>3~ as pl'>poaed. 1n1M&l.J,:f. bee.- .tfecrUft aD Septll:lbe.. ~
1.9'6J,. l'IlIo pI'OjKt. lILa~ b7 tho J~ Il~ IltIlM1"llb IbU'do the
,."",... state JUalIlIq C ",lon &lld t.bo :aa.a.. of Plohllo B::leIU ... &
~I'Il.Un ~ Ila1l:i& IIP5 t\IllI!lI. n. _ 4toG1dod at that. t.l.mo to test
tbe ~l't.~ b.7 IllD1MI'~I Inc.
tt.~ of the pru.ll<Jt _ de~ =tll t.bo latter part. of
D r 1961 <bo to .-Jq 1JI ~'I1Jl! t.bo 1l:IRNIIOIIt.. '!he deNdt;r p:obe
,_ mipPt4 to 1A1'~tew.-d the end at Deoub>r aDd. tJ- ..!stUN
pz'CW Ul'1wd <!\IriIlg the tim~ of J....\llU7 1962. loabortlt.oq
teaUtl& _ ~ ·""..u·teq IIplll1 NC<d.~ the equ1p:lont..
~ or Pllbll.o It>adII. in. _1IIldla clJrto<S JUZII 5, 1.96l poilIte¢
out. tha~ 1~ -.l.4 be ~ll1rIIblo rnr State !lJ.GhlIa,r De~e ~Ung
.-lIU' 1Dat~. to o;qlIIllCl tIle1f'~ to 1.nol\lI:lf.o an evallUUOll
or othe7 C<lG:I9N1&1 1N~Nl:IInt.. 'l'Il1.I ~Il!!l'" b1'oIJ&Irt boto,," til,
PI'OJoct crt.att vIlO.~ oo>rtaDted bo'".h t.b8~ at Publ..lJl !loau
am the Izldiana S~~~~ t.l>e onpanel ... ot the
~~~ to 1nol»do the V~ .m~~ .l. rn1.Mct
1Dl!dll& p1All~ W>rli; 0!1~ 1Datl'\lllllllltD .. aJi'F'7'l1ld on Fobzua.....,.
... ".,.
It. _ pt<Ipoeeod. tMt thue ...... 1l:Iatl'lllllOnta be~ atd ...
~. J. 1>Orf'I>1lIt1ob or tile thr<>. 1J:I!It.t<JDxlt.s 111Ol1 .u.o to 1>0 -'*04,
1Z p:>lIdbJa.
It. _ pl'Opwtld to """ the~ in the field dur1II8 _
....... of 1.962 u wall all durlng the IIUIIIIlQ' at 1.963 U _naq_ rn.
..~o oJM'M4 tlwl1 _ to beo~ to ...sWt.3 obt.ld.DId U31llI
l'UllNlli MIl) SCOPE
..._ tllcton inn_ UIl1t w1Bht and ...1at1ll'll .O'"J1 It.lI
.<M""" b:1 n Mil.... doouI:I.t;:r IIlld m1ltlu'ol1lllJtNllllm.. \dd,oh u-1D1epend.ent
of tllo~ :l.t...U. Qle or the.. hGtore 11n 1JI the 'noh11't7
,to~ -n balk UIIl.t~ ud.a.g -.-.t.1an&l ...~ llI¥l
~. J'II"X*1uNa.
It 1a~ to~ W1JI: \ID1t >IlI1llbt of a .,U in tIM
!1el4 tQ' -.na or thoo lIIlI¥I.~ balloon" oil or otMr "'Ill"..
1IlI'tlladlI. V~.uIl..~ b7 tho .!:IoTI lIIllthodll &l.'Ol ........at
~I>lo. tJld thq U"t 1n'l<l~ d\JAI to tM p:ro'tracto¢ pori04 l'IqII1Nd.
to~>:'Il1a~~. '!l:M .. ."1",,l' <t"'l81V IW1lll:1Ut\lNll:llte1':l
~ ~pIld tor tbo ~. of apeee"1lg up t'1el4 te~ .nd tor
~""" crder &ealln\lQ" in~ at~ tInd /&IVtw'o.
p.,zs:amat. b1sh q,1l.111t;r llt~ CQ'ftIn..'lg tIla n<>l"lILl J'IIlISIt of
...u "-"-1U.. Md lID1lJt.-~e Clll1 >tl1<:dl CllIl be ..04 I'or aheclWl.!l
tl>e DIIAloI... 1Zla~ .... dUf1oll1t. to obt.a1l:. those.taIJl.&rda
...n pmn1t. anabl1·b1ll8 • ~tJ.on .,.".,. of denfJ.t1 ftl':nlll 00I:l!\
&D1 pIIWIdIJ or ..W _nIWl ocrJllt, but 1Jl ad,d1Uou llQ ltell<l to fIl\ock tM
oont1ruo<1 1"'11.bll 1tT ot t.!I<t dlms1t,. ll~ <JIiW' o.'Pj="ndt.<1 perio<Ia ot
......
1hec ......leu 1nBtl'Ullllnt 1t...u~. nnftl-n.bJQ .sa. too.
Ca) tbII "'",OD~oaor tlle ftM"""MUve aource. and (b) the
t.nlna1ont behn10r at the ehotrlcal c:q ! "to or the IaIlh1l:lrl. 'l"QI
~ btllon1or ftS\Ilta !1'1»1 ~nt. 00tIIIit.i0a8 II.DIl. .ogl..Qg ettect.s of
t.bIt <l8tector tu!>ea I:Ild Il'IIdio-4ctlTe =e.
1M pr:l..IIIu7' JlllI'PON of tIl1a~ U 110 o'bt.a1n oU1tmIt101l. C\Ift88
tot: tot. tIuw n""_wt.~ tor both md.t~ an! ..,~ .,...t-eut
tor 'IU'1tIoI8 t,)pn of .oil~ to Vl\I71Jla~ of CQIOpLIlZ8ll" ill
1I>J4lI. n.~ of tIl1a pbua ot til.~~ to dcltem1Jll U t1JlO
of~ JIM AlV'tltt1lCt. OIl.~ n.l'lIp. Ill¥1 U h1a/t au w1da ....
, 4
__ or ..t~ aUIIOIt tt.~a. An.tllN' OOlll14ent.1o.lr. 1Im>J.ftd
sa t:ll1II~ S. to~ U the t7P" (4 omt·h ... 1D 1lh1ah u.. ....ter1a1s
....~ ... aD. eHNt 011 tIII~. IloopUl or~
liquid~ -rln& the uwal. denIl:I.t,' ru:p (90 to l.6O pot) or ..u
aDd lIQl'OI6ate.~ haa aho1CI th&t it. 1" d11't1oalt. to pl'Od1l<;&
1lll1fom Wi.4 ..• ·Na. mol. tbAt IO:Il1da .... lUlWl to <l!Iani. _ to .....,..
pbem omtlt.!llaa, "lJtli' uS8I! botb 111. tM~ .. the tlIld..
OIl tbe ot.her huDd it ill .. Nht1~~ Illltter tod~ till IlIIlt
~ or .. l.l.qu1d. tor Illl OOZllliUomo
'!hi DI£Id fQ,. .. b.........' WI~ ill~ b;r Ca'Q' It. lIJ. (1.).
~ st..rdard tor o....-u~ Cl\e<:k.
Thera .... IlWQ' po~ IIOUroalI or.nor. It. is ..~ to
~ tilt ent11'o qn.,. _ .. IJtah1ard lit~1nt.e~.
'J'II1a RIindu'cl 1d'" 1:r IIbould be or .. 4oIW.tT 1n tbe geDNWJ. ..... ot
~ ml 1t. ellall14b-.~. A &OOd etm1&:rd 18 Mtural <D1D-o
JIl1ttI (a~ n 1eut I :lDo Wek NId 2 ft.. ll<f\IU'O with _ .....th
sa- 1_ is 1\lUlIAt<l. llollllNto 18 DOt.~ 111m.. it in
-.l<bo.~••
!l1 ad41t1<m to the~ or lIllUom1t)"" tv'~~
tllo doJIth of~ 11¥1 tJIo~ or~ II1ze 011 the "db!"
_ ~1lIn~ 1'lU phDM of toM .wd,T _ iG'!0I-.l. 1l9l.Dc
00llr b b1Mr C/L1.aaao Wt:ru:_~
,, "UP''?! 'M"c'
1.~(ClllIao:2~) (24)
(ap.uil1o Gt'lI\'itir - 2.9.63a. ~)
."
a. CNbao~(C~)
(1IpKU1o Ora\tiV ~ 1.595. j!fq)
~ '~;;
!lie ll&lM1' l1qldd __ ~.th'IJt. n. hMv1e:r l1qIIJd ....
t'- 44'...... ld.tll tI>8 1.J,gIJtu to obtain thnID otIlN" IlIl1t Vlt1gttte.
Durlna tesU:ls the t.eDpentUl"<l ot t/Hl~ \W;~ &lid
tlle1l'~ palt1es lfIlN~~ at t.N _ tupmuz..
1Iit:l .. wnl..... r1o !'lMI<. 'IbiI wit lOI81&btB at 1Ib,iah the l1qujq _
te.l:ed...., 161.1, 14Oolio l2O.1, and 99.6~ J>U' cuh1lI ~.
!!?H ' fttR"'!1
¥our~ _ ~ iQ tb1a 1lmI.MgaUaD,. 'l'boH ""..II




~ Gee~ kr' tbI fOOU' -"1'!alJI u. Ibo"Il b
~ 1. !he~ atlI'ftlI ot tbIo lIilte:r1al.ll aN ab::Am. 1D.~ 2.
~ tJ. ...... INlI4 ""nta1l:led n4t.1~ 11tU. n..., it .... dUt1alIlt.
to cbt&\a .. rot_b],- &001 lltamaJod MSBO DOIlpatiaa <n<rn tOl' U.. Fo:r
thb the GIl'ql&Ot1Ort _ to::' thtt _ Mm1 1a IIlIIMI. .... blalam
llnI. D. wa1uI ol;סI; ...... 1looInv. &1"'& Cl 1lld.1.G&Uoll. of U.. _.,"'""~'
..............n.
6%llbb 1 --n.- tJ. plv'daal~. of U. tau:r ..t.~.
!boJ apoo1.t1o awm.t.T t ...t. _ pufol'lllld. in aoool"llanoM ld.th tlIe p...e.l.-
ducrl.bo4 Iv' 1.uIbII (2) in .. calibrated m ""11:111\" llaeko
DO;UxP!1ilI1l'
Scp'''P'"'nt >mid. for \IlG ~tlon~ or tbt thl'M mol"er
1l:I8tll<l:llmta aM the variOUll toot1n<l .,.ll1pnt roqllind tel:' t!:a callbl'$t1oI>s.
na.. &ft IhOIIll OA plAu. 10 2, 3, .. 4. Pl.st4 1.~ the 1rlIIt1ll:DllD.
~ bt 1lloleal' Qdcago~ th1lI~ 0011111U ofl
1. DIllla1t)'~ P'liOo IIl><lcl P-.22, :3on.a1 HI>. 1571 oo~
..~" ....-.~m. :1 wlll1"'U"1ea. 'od:tb. bill
Wa 01' " :7N"'o
Z.~~ pll,p, l:IIld.eJ. P..:a.. SU':Llll 110, Ul.~
with wax~ cont"n1na • "d' o &etive .._ ~
bel7ll1-. 1..2 lIIlJJ.1cur1q.. >dth b.alt :u.re 01' l620 ,..an.
,. ScaleI' -..:L 2SOOI" Som.&lllo. 419. (The SO&lu s.. fitted
>11th •~ dfi1n 1oIIl1oh o!lMlb ld.tl1 111gb &OClll'IlO7~
.. 0.1~ ca1JlIre.ted .top ..t.clt.)
tbIo lIbmo IIqIliplElt itI P'~:M<11d.th a do: wit bst~ ""'-d
111. tbt -are tw...:1&r auppll.el h1«lI wltqo to tm uteetoI' .\;apII
of till den.J.ty wlDiAure 1JIIIlt«l. The batte!7 oan be charged. tv" aD
~ buUWa Ghu'g1ng IlI'dt 'lllIOl COllllllot.ed. to lIlI altsr:ao:t1n8
<Nn'ellt~. b aqll1pumt can &leo ... opuoaW4 n- an .:LM_u.w
Plate 2 lIhi>n tlw~ -.lactUWld b7 the V1&t.ltll Dl.rla1aD
of~ b. aD!. 1M1llctel'
1., 8oaleI' JlodN. JIm:!" Ser1alIlb. 249 (Tblo~ 111 fit." nth
aD ert t.icl UII!ll& <ln1,..)
,2.~ llllrho4I Ptobe~ JbSa1. SP.2" SN1d lb. 2491
eor...·n'.... 8Il/BI n4iooIct1.. 8OUKOI. 8.14 1I1l.Uourio••
1M IIloft equ1p:ItIlt _ blI powl'l4 boT an iIlte~ b&'tte17.~
k\t.e17. en" J..c. poNV. 'tIM~ 'lQu.q. GO.ItJNttl to the ~Z' t..u-.
an F" ..t in -u. taotoZ7 tbr tbe pUUOtIlaI'~ of dateotor tuba UIIOIl..
Plate ) tIlII 1utlllllem lIIQl\\ltact>.uvd b:1 thII '1'1=la'
Jlhet.l'1.G&l. Wbo to.,.. ~~~. or,
10~ saar. K>cIiIl 2IXIB" Sv1&l lb. 39 (TbI
8al.e. :U fitted with .. a.t.~ tor qIl10k l:Il~
01" eumparllltlU IlDd aD~ t.l..lIdng dn1c. fbi' _
Il1JIIM~ 1:IIt.vwla).
4 :tI.u'faoe Jt:lDtul'G Adopter, JtJdall.a,..oJ.J.S. Sol'1&l 1;0. 201
QOl:'ta1"'''tI: ..~ ndioact1... 8DuNoI. :3~••
). fImof_ Dond'" Osu,p, Ji:ldal llC l200 asn..l lb. 204
40 Hl!I...u.:._ «I""p-nt. M:>dal 3--ol Ilatt.1T A1l~.
IWel~ &tte17 ctwozu &IIl1 a IblaJ. Jr.DC to DC C...mlll'tw.
'1'llll Illoft .-qIl1}'S1't a dedgrw<l to opemt. lJD aD 1nte...:L 18
~t.~ bat.te17 01" rr- • 1J5.o'tolt. 60 01Ql.e e.xtemal~
_.
!he 1 ''''eZ' at ttlto eqtdP'""¢ 1:;~ ldth tbs CIClIIpOt.1oa
of tI» IOllII IllIl tba ~"1br tllo~ Uqu145. 'DIe. IlH abcM:l
on Plaw 4 IOllll. ... bI'Sat:1T ..~I
&0 ~ III01do. ~ 1nohu in .u-ter b;Y 12 1tIo_ h.1.8h.
b" P....wat~ aam. QUlpaotor vitb .. 4 1tdl d1amBter roJbber
UPJ*I toot .Nt1JII at. p11 :i1'M bd_ lJO to '10 plUQdI
.............
•~ m-t...tal. """tel...... 13 1mbn Ia1&b,~ d1&mIt.U'II
.u.. ~ lB~ 20 UId 22 1nct.~ ~ftl1'.
cs. )lrtaJ. nam. to bol4 tI\II d.e:n!l1ty ga\\g't 11:1 ponUon at
lMn1JI VlU':I'1Da r- _ 1D:h above tho bottal of eallh
oollta1ntr to 13 1Da1\Q..~ th1lI 4nl" advano1llg l:lJ' "no
-_.
3e.nd l'8jlhc"",nt denei'tT t..."lI1qus ....:l'8~ to dot.o&l"lII1nI thII
0=110 \III1gbt or tIloo un:' oollllUturo. OttMa sand ......"e1. 1d.th ..
Pt-HlIj",,'7 ClIoolaI
In1~ hborutolO"~ <Ion8~ tbII 1dJJter .m.~ ot
1'J62 'AS .~lohedU81lla" tla foll.o'odJIs~• .w. teKta \CI.th tho
~aI' 49llld.V md 1:D1atUl'e p:ugN WON COi>i1ll:otII4 lIaiJle ;poIOIl' !I'OlIl til"
6 wlt batteq Il1noe WI U thII _tbod WHKlin till field. Eaoh~
.. £1rn oheoW4 to nad oc=ectl,y an the lItanduda pnm.dod b7 tho
IIIlIWt'&ottll'r. Tho 'I'llt.ag....~ "" ~t &a<:lI galP -a.d~
&II.~ oount w:1:tJl1I.. 10tlll _l"H.h]o -=" ell~ by the
~ut._I.~.
Bu1.cI 'futUla l'looec2unI
Ubt' thII oc.pJaUon of U..bow GheaIdl:Is ell ...,~ of _h
PIJ6ll tIMe 1Dam-m ... pJ.Ioot4 on toM II\lIIfMe of: the ...torial to bit
t.Nt<fd.. ~..~ lid pN\'1o~be«>. p"'P8l"Jd IKI tllBt l¥I~
&11'~ __ ..uw. IIldo1 .b thII~ .m. 4ift=tol'll or tlw P'P'"
P1w -=- _ding _ t/loIIlt tUm> ..." the &ftftP ot tl>eM~. \IMIIl.
.. tIloo --. to", t.lle~ w.ted. lIIIllII. "In n;r!'r'''''' -.n'*I.
,durirJ4 • -' ~ n"" ftlldiJp. fIG'UIu~ _:m te.bn w doot.en:d.llll 1£ .....
8J'l'I'1DII8 omeo ~ Il&ve atte<:t4d tlof ong1Da1:'1"' "np. 1hnle.UT. u.
~ >dI1ob _:m~ _PO):"~ >d.tlI. t.M~ NqIIi_
~ <4 90 pel'OlII1t O""t'de""," J.eval ..zoe WI",," 1D ntt1nB: up tIw data
~ot1lc'l7~
l'1," cont&1moJ'II with~ rang1Zlg hoD. 14 1nctula to 22 ~h..
"1ft \INd. dul'1:l,g the llqu1d te:rtJl:lB plI&M (Plat.e ..). !ll1t&b1fJ 3tl\Qd.s
lOVe ::IWI INCh tllBt the~~t 00\lld be 1nc1'eued. by _ 1.llc/I.
:lzItel'Rla t'roa the bottsl or ew~.
11,. 00\Il1t' vel'll ta!:Bn lit _ .Il1Qlrt.o 1.lltornlI ADd t.!MI lIftft.P
ca1oIllatIo4. '1'IWI~ 00Wll; -e ;>1otWd aga1Mt tile dt;ltb of
1M l1qu141 WNW to3tod IW1nlI tIM l1ghte1lt l1qtWl. fj"rd ard
d1'"M"4I it v:l.tlI. tb8 hnrle..~ all the "-sUngp~ to cbtdn
dUtoent; lIII1t 1IrigIrts.
" ..t.1IIg or So:lla
TM tQlQZ ..on. IlM4 ro.. tIw illvlOlU&aUoll. ..... oo:mput.o4 'CWl
& plMlIIUt1.a _r fitted >11th • 4 1llOll dialat.er J'Ullb&r Upped 1'oot•
..~ eNl>rt 10IlLS nade to lIItlaW t.I:b CClIpBOUn ettOI't to
IIt&n1uII. .usHO .rto", but III .ttupt .......~ to abt.a1n tlll1folll _
pact10n tlD'ov,ghout tIw depth~ or the lIOUo
•
Tt. .~o1J. ad%t.ul"Il .... tbo~m-:lld.th tl.-~
-' or \iIlter, plallO<l. in o1Dcolld. cont.&l.nll..". &rid allt>1O!d to stud
&r • J*r1.o<l or <no <Iq. !ho lI!&terial lIDO then <:OlIp.Ctod. in tho 2l, 1DClI
Ip1.1t ""':Ld Il31ll&~ 1.5 1rIQh l.!Q'an.
on. top 1a3er 'C!l tlleJI llMd .. tho te.t1ng~ cd tho &ft1'qlI
or 1":" 1lUC1~ "olU"nt;s ro:o b<>tll clmuI1tT I:!ld. =n1U'9 """ thend.~
ld.th the l/I¥)1HZ'-Ch1cll,gO~. TJnwI1&tlIJ¥ 1'oll.OOli1lg thU,. tile Illlit
~ or the soU 1IU etot.omt.oIl4 ll3iJlS: & 6 1nch am:l _. J. IIepUWte
~l.8t\lft cOllt..m sa:z:pJ.- _ Wken trom tIM tlelI81t)" ~.
Gnl.voJ., aoa.... &vf1 aM DIxM 9UIcl.
~ OIlS c:q>eriencod in~ tbcl at t~ or
tIM Il'IlWl U¥l AIllIlI tlr l'I88IW or the hIl4 nopl'c'..m =tho4. It_
thofttOl'O d.oc14olo4 to <Iotoona1m the bc>llc \ll>1t VI1Qtlt or theM 1lIlte~
tIT w1sMo:v I'ld~ tb8 '/'<llQo or t!lfI entu- HIII'1a. AU~
~ _ t.Nt.l. _ ~ ""'". satlZl'&18d,o am at; .....ml
~t8 IDistuft~ oond1t.1ona.
For bath tile dq am 1IoIItunt.d~ tho pJOCCwwI oons1stc>d.
of: p1J.c1lIB tJ>I .-tonal in ""~ II ..oM,.,CIl aa po$a'1b1a tlr JIO'II1'iI:rfl
tbt coU r- & COllItallt bci&IIt abctvo the l.nU~ ...rf'&OO IIlIlI. tl-. 'I1hr&U1lg
it at tao surora. IIlIlI. al'll'IlI>o1 the A4M or tJ>I 1lIlIIt&1Dn'.
II
w1aJw4 W obta1n~ .'"'~ UD1t WlrlBbt ot tho IIBterl.a1 both ill the
eu,o IIl11 ootUl'l.tod comd1t.10n.0. For tI:o so.tumtod Cl:derilll. the >oo1g.'It ~ol"",
QQd alt<lr v1braUml >.WJ 4st.e~ to pom.t the Ca1Cl(latioll or none-
\lI:Iit ...1(lht. QI the ...tu1'lrt.<ld .'"'i'lC~ 1IIlCll.oo.... lDiotuno co= ....1"11 IIl&o
detoarmlmdo but d1tfi.cult.," 1<aS oa;eriGllDe<1 dur1JItI POq,ung 1'01' Cl1<lt,,",
~ dstenIl..J:Bt.:1cJI by drT~.
'1'110~ II&t.."J"EtAod .....terialD WON aoq..c:t<l:l. \11th tho pl'Oll:O.t.ic
Z'QDIllIJ' at dU!U'<UIt lIll1ature eontam... i'l'.e mocltar d6mit:r IIlld a:>i8t.1!1'O
COId.a _ NCOt'l1I4 1ll\Il1llll.t wighta dcbn:z1nc<1 u llD.aril:ed. OUUflO.
!!gyi;Jti Inti,s !kt!loo1p
\l9On o1;rto,rtlng tho tm> ~tiolI.'IJ. null1e<tr teBt.1Jlg !=trumnt. 11
d1Uommt. testiflg~ u~ to tho pNVioualy ~lK:r1bclc1l>3th.ld
.. 1D1t.1stec1.
'llr.. tlu'ea :1nst1'lIl:lOntll~ tc:rtcd. UlIiJla a ~rot4llt voltap tor Il&alI
... No '·'riM b:1 tbs co:mo.nding lDIIl:lUtact\lN.l'3o
AU :w-.tol')' te&t. pe.r.tom<d <1u.~ t.lw _l'. r..u a>ld \/ilOt$:'
or 1962 ....roo m.s.~ ponr from the b<.tter1llo 111 the illBt=t.:l 8CI U
to e1Jmlate &14 pr.o;~
'.i1t4 tbo .... 'o~ 01' t.be 'I."" ..... 1Jlat,rwoonb in the tee'tin.s I!Z'N
ito .. _1aI7 to -.lie .. cbDck. to dlrb~ if their pzwaenco t.d on
etteat ll;Ql t:M count ....:I1Jla;. lor thsim~ bJ1Jv tute4. It __
diJOJliod bOIIl w.. 1mellUgatlon to lo>cp 'Ulo~ t.'lat. w,. n;¢ in _
beh1Dd. .. -w.u OOlI3tfllCtad in -u..~ ..... to el.1J:d.m.ta the
__ of tllQe __ 1Df'l".,..''Ill tbe 00\mt; lWldirlge of the tnt ill:sUumnt.
~rt=&te4'. the -.mrte~ _ A<lo>pt:.-4~ eAGl' .. Wp Illd>er
of t.eot. _ t01nl to bit 111 a= _ t.o~ red1.lIt1M.-
tNtiJls 01 tM lbWr1a.1lI
tt. IIatoll'1w tNte4 _ tIlO .~1~~ ""'"
_ .aid ..p~ dasCl'1bo4.
'I'en.l..nll 01 tI>8_~~ of~ 1m>. od.glJt to twl....
~ nth tI>8~ orlorrtoId 111 rour 41fflIl'mlt dU'wct1.olm. :s..ch
Nt of~ ...... 1dth tbe~ at an a:I81D of a~1::r
9'$' hom t.ha 41:oect1on in \Ih1cb it taotd duJ'.1.IlII: tl-... p:nrriGua _ of~.
nu... ..~ to obtain a botte!' -raau 0ClW1t, for tho =ter.I.al be1l!a:
t411M4o .uao. aU 1UdiJl4lI "'liN IIado 1d.th no~ air saP'l~
~ tha S\\l'!_ of tbo I:Btorial. a:>d the <IOI:1'OS& rida~ of
tho ftrl.o.... e-a.
'!he lIlIl~ ........ toat.-t in t.ha 210 1nab aplit _101. 'rllq_
bI1llt up in J.a;,ol"ll ftr,71JIg in t.b'''lmaaa or tNII 3/4" to 1i 1MhIa;
the IIZl1t~ of tho total aq1co bri"8 dooto:n:dNd as ..ell 1.q9r ..
pl"'!o tha~ a.n.o-I hr~ diata=.nat1on of bQ1k WI1t
~ It ... d1U1cult to obtai,n IlIIlt w1ght lWJ1s tba sand "'pl·o....m
-atIlod 01> tha &l"Oftl .wl'lal IIlld oc>al'M and 1IlIm t!lIO' .... in a d27
_U=.
~ tho total~ he1ght WBII $qual to Q;l' 6l'hwr than t. .
dapt.h of pamtfttl.on for tile inat.ru-Ilt. bo1u& tested. a OGwt;~
... obt.a1Md on M;Gh of tho _ ......,.~. 'rh1a I"Ulllted 111
tMtt'W fir n- aD to !Gar l.IO'lln dIlpm>dl.ns on tlIa 1IIst.~ BQd~
of .wr1&I. lIllllar!Rudl'.
'" atcdard 00\Dlt. WU talcen both baton &lid after tast.:inll aaah lqar.
Ila.lati_ llCl\lIJte _ Il&Od duz1.llg aU 01 tll1II teat.1lIs.
l'&l'1ah1oo ~tT ...~ bf 'ftZ'11Jlll tJ.~ft Ittt,," ani
..atllR ome_. "'Wl''''~ to tb8 lII1:.o:WN prior 'to otMh tMt lim
VIl. tbI~ ... thom lIIlT8M 'to~ it t'roIzl air~ anI' .a1,ght.
Et.ch toBt ...~ Jl'Irto.-l. a.ttoN' t:lle IIII1t...1&l ..,aloiI4 ""'I' Dight.
Ho1.tt.-~__ -s.~ on tbe ""P l.Qw-. lI&IplefI w ...
tabm tzva the 1I1><t"""~ after U. t<>st.1rls ...~
DelIit1e. of t"- TUiOUll =n,,".....:roo <1oteminod. UlIirw tba -.and
~ ..tbod. ""-- tr. v.1~ CO:ld1UcIlll '"""" this .....lbl<l.
TIMo. wilt. _ obt&1necI. in Bdd.1tJ.oll 'to t:lle b:llk \mit 1el.Mt; dIrtol"S1ned
bf -1,all1n£ tllo «'Itu. sampl~.
fb. 1Il:1tl.al. tutin; pro~ ... 00Diuat.-l.~ 0Il1T tn.~
t'l1i.,.,go~ .."~ ot till> pb&u.l
(.) n.~ of 11B&"7ll.qu1.4B to~ their "dUbllltT
tor ua. ...~ 'to l/huk t!>oo~ of t:lle tu:l1.&u'
doou!t7 gaugn anI' arr. «l[t.on<IMl pBl'iod. of u.r..~
'l1tll tb1a 1mMt1Il&t.1oIl _ of the t~ vlJ1ch 1nt~
~ mlll'''1' 0CIlIlt ot ~ clBDBlt.y 8lWP l/WB ...........
(b) tboo tolll" B01l.JI~ IlUU... _ ~t.od 'l1tll
bc1tIl tbI ~t1' .,." ..,1Bt;Ul'I _ to~
t.hB ett-;rt; of ...n t.,po,o Oll the TIl ......,r cotmt. ....1' 8Il¢
to .,.ublhh oal.ihn.u... CNl'ftS.
~ of 1.1qd.d. &IllI. SgJ1.d~
3JDM t.M ~hl-. a:1stoI of~ an'hbh~ to
Qck ""'"' mIIl1lNr doms1t.7 8"IlP hr ftpr"d'rlblHtT.t. u.- of t.eet., &011
tor 1o<ltJ; tom ,"MIn7, it. _ 1lOI»1dot:-1 that hto4v Uqu1dlI oalI ~ 1.-4
to -.at tMeNq~ .l.1.t.I>ovib l1'1'dd! ~ POt haft th.... &-.0
IItlucIturn .. the ...tarl&la """o::nt.uoi in pmol:.1ca. the ,...,mw.dhilj:t,o'
mI. .tahil1t;:r of tba~ lIWt be~ of tbe ...torlJil. t.cIrt.edo
SoJJ.4.1!Ptv 1d.tA .a ftl'Ut:r of .tc-1o IItNIJtIll'N UO pl'lI-t. 1JI.~
qn-~ ....O~ in iftlltioo. Uq-o;i<1 mI. a1l' in those
~ ..,' '.~ "..,. tbe1:I' pUt:l.<Iulu-st~ tbo:re!Ol"O, tba
!'II ;:u- of ..~ to t.M QlW'",- gI.Ilp amt bel depend.........._~
tnoo. To obeclI: tba~ of the inotn-nti. ldeall;r. vaq
ua1t\=Il!lII.t.r.I.al Jtl<Iul.d bo uaedo Ch t:r.~ of w.a ~-.t .. tat
plo"&NI' va.t 1D:lt1at."" to dDto=1Do the IlIIcl.oBr 00llnt .....ponaa to ho4v,r
liqv.i-u. xl.tb. .. tup of u:rtl.t ...1ght. to <:aVOr tlw l'iongtI cperla...eed 1n
p1UUoo for \1p1oal ...u..
It u f1l"IIt -nlIm7, in the .."'not"m of thll n=J.oar ,*"it7
~ \0~ tb& 'nll.1moI of~ _1GicJ!. it ll1ll opIIf'O't.I.
tor Uq1d41 th1» bIo • a Nlat.l,nl¥ ...."7 ...ttoar IWlcO iJ>ll:reu<o l..D d&;lUl
mI. lat&ral m..:.dmI of tb& Uqaid YOJum U ~1.h,&d w1tho\1t
&thc't1llI \hOI 00IlUl.1I.1t;r of ~h ~r or~ of till Uqtl1d Il&&do 'l'h&
-u..mit;:r of the 11,q,\dd is eloo USU"&4 it oomd1tioll& of bUq; ....~
~J mdJ; 1IIIiFt. o.n a1&o bel~ PJ""'''·JT_
or.,. tJP.a llI1 !I&n7 Liquida;
as:- tb& =...". wl_ at Uqu..h1 nqu1MCl to p,'V& oon.tat
'.
"
01 99.6~ pN' cnIll10 fOot, _ w.t«I tint. I< 8U!1'1.aJ.d .,..ant1~
~ -.l obt.d.tlId to pray:l4o tM~~~
~ l.601.7 powlI1s ptr C1\ll:l1c foot .tt.u dUutJ.aII nth~~.
!he 0'Ul0:J' Wl1t.~. _ obta1Dad 1d.th t'Urlher d1llltiarl.
~1"1de end U.~ the po...!MJ1~ <4~
crvapon<U= can athat the 1ID1t. 1MiglIl:. at tbe~ but aa t.IlU a "".,.
IIlllIbt cd PI .. pnmmt.a4 bT auibha airl.:1gItt~ oont.lII."".... tile
~ ill DOt • 1HOrl.cNa..... 'lbe~~ h that tI>ll Uqu1d.
0lIZI be bro\l&ht to tbI IIal:II utdt.~ ll.t I.lII7 1'eI!SOnIlhl.eo~.
thl>s~ absol1lte -.bool __ t.he sl'.3I1dard. ll:I.tti<Iul~ 0T8I' ~lIQJ.
,
oL tlI'~ of toM lIDit~ dlJri.na cuUn,g or ooncl'llta b10ak
~ or~ ooclD"rlnl 11>. t:.lIeU jU~1ee dlIII to atm8;ibtrto
.,... 1.11 IDtl:t -..te ..,." etom b1Deb. rc:C,,,", ';;I.-a ""llaI>1lit,y all
~. lapea"Jl7 CD • lDr\I tea buU.
I:IIt& _ obtIIl.Md of _'eI" Ol>lIlIta at~~ d8ptha
ftlCiDS n- _ b:lh <IMp to 8 1mIlu deep t()r toM Mav1.Ht. li.qII1d
~ '!h1II tJpo or tnt.1ll8 1lU IIIll40 tor etICll oont.Id.Mr WIt.ll tile ff1M
or tbe .............. lit eacll .s.pt.b appe&I'lId to 1\&,.. no atfoot. 011 U. l"NIUIlgl.
'I.'t.~ or~e V1th iDu'ou1n£ ~,. tor tho~ l1qu14
1a :l.UolR~ 1D.~ ,.
tbI~ or oollDtll pili' II1JaM V1t.h depth ot 0lIl'b0.l!; t.rta.ahlol"1de
la i1l>lStm.t 1Il.~ 10. "OJ' tllV l1.qu14 the IIln1.- <lepth oL .1iqIW1
tar lfdoh lID~ c!lNW' 1.D~ toak pl&oa .-e .-bo\lt. 6 1nohI1.
11; .. 1'OUIId Ulat lor tho lIaarloet~
~~Uft tb8 rr1nt...~ or~ to ..",hda q.,
"
ethct.s .. 18 WIle.. !Iw Ill1n1I::ur:I daptlI. ot l1q:\l14 to.. 110 II1gDU1C111lt;
oowI:; y&ri.&Uon 111 tM 18 1.llch '". : d,... ... llboId;. '1no:he.. Xt ...
00llIll~ on ~M bus.. or tho abow a.ta, t.llat- tNt.1lI« or l:l1:d;ure. 1dUl
IZII1t 0Id8llt.~~ 120.7 to 140•• pcnpl.a P'lT cul:4o to<rt.~
coutaMl'8 at laut 20 J,mha, in.~.
a..uJ,t. t01" t!Ho l1qu1d.a t.ostad. ll~ tou.r urd.t 1l81ght. 1:1 the 20 1tIoh
41aI:Dtez' -.t.III...r pl'Homte:I ill gra!lh1"&1 tom in. F:Iguno S. ~ 6
1llDlrVatu the ...u.t.ins mml.a:._ oomrl:. por K1mIte -.ZId IlIl1t >IIl1gJlt. of
,.,....
ttw AN' IoU IIlIJi:ttu'o ......e~ ·.dth thI t>J8UI'lf't1D c=pctmo
at. d1t1~ 1l:I>1at\ll'tl onnWlIta 1Jl the 210 1lIc!1 atllel lIp1.1t I:lOl.do Each
~ '44~ 111 1.5 11:1011 lI,;"W:I, ntJt as :war as POBlI1ble «lII.I1
ellort pc' 1qaI'. !be .url_ wu GaI'8f\IlJ,y tr1lD1:d 1eftl lit> th:I.\ sood
c:om-t~_ tile~ wi g&IlgO .... cl:Ita.1nIod.
Hoallm'l.!l& thI IS>1t~ ur1 "'1at.1U'O <>f e&Cb !lOlA" t1rlt. b7
tho mwelr swan, thm viti> tho em _ ~ Ild 0llI.ll;y Iq
1IUt~ ..,. BOllII.Id.~ it 1I1th~ 1m>tF'&~ Ij,ttlo
4ift1C'IIlt.T ill tM "'rc!.«r! 1 1IIbt.l>ft. Tbe~ or ...oalt.ll
~ tt.. I11I<II. _ IIDI1 puatf1%l1la:l: ....u.oda .... di<rturb;!.>lg, &llIl 1(;
.. tMato... dKided tod~ \lID =1t. wiebt.a or thoo otl>sT_~
1q~~~ UJ1 101gbt. 7ha \1lIit m1&bt teat data plott.ecl
l1li P1,proI , fino tbt~ II1:d.ID'O ... ibn cM"rwllo' tlw ea>Xl _
illpJ-_'l\ rostbo<l. on.. w:d:t ...:l&bt. for t.b8 ot.ber tbeo ....~ lII!t.a1DId
ill PigI,>ft 7"'".~ ..~ r-n0llS1¥.
~ " P' It or. thII dI7 IBteri&la _ ..., takm to _ ..
:u.tt,k -es:t«pl:'m .. pou:l.bla. For u.. -.tuzwt,ad -.u.UOllo~ ..
t1rIt plaDed 1D tI.- OOllh1nv""" the ..u tJ-.~ Tho ....~1
__~ 80 that. -u. ...t4re ...u eaq>la ....... nec! ..t\lftt!ld~
,
-u. u... of p1a-m. u. dunD a:d IIIl.IO I1I>t tilst.4 1a a aatur.t.ed
OODI.1t1011. bMalIfI. of Ntu-nt of tho """'" that~ I:ldor tha w1Bbt
of tI.- PUP. CilIIpMt.101l. of tha~ dtlIllo 1alId ... obtaiIlI>4 1dtll tlID
ttl1t Wo1Bllt an4 It""'l.ealo 0<>uIlt test Data
~ tast data 1a Fig\lN ., teZld to b-. u-r w:lth the l11IlJD be:1:la
ap~teJ;r~ to -:lob at..'llI". 'l'beno 1a .. ""'do 41N'o_ botwe.
~ 00"""~ of .a<lll ""u tnM> fo.. tho IIllZIlO WI1t w1dlt.. tM
b8:1t. t1ttiDg ClIl"ft~ tM pc>1ntIl for w.cll.~ of ..u n.~
Iv' tho laut sqaarM DOt.lIod wdzla: a~ d1Itrtbution. ~ <tubed l1l>e
1a F1gul'II ., U tha .,..utaat='. ClIU!mI.t1oll.~.
DIta toJ: "'**'na tho 0I1.1h1"fIt1on of tho %lW'l"... llIOatul't pu,p
_ obt&1IlN lit, tll:l __ -u. ... date. _ obt.a1nod to.. tM nucleazo donoi\;T
llIIllPo !Ia 11WlIl-.tllD4 of~ .,W\Ift 4ata f01' .. m"".... Po"-
a to plot to!» "If1Q;bt or 1lIIt<l... 1D p<lIlIJSlI PO" O\\b1c to<lt. 0£ll1twt tho
.....".. mJCl..... 0CIlDI'.. 1'bo~ to.. tha•• di.ta. 111 p,l,otbd 11\ 11,gIft 8.
'ria~~ line in~ 8 ...~ h<= <lata or
12 t..t.o. 1la ooatticJallt cd' U..u COI'ftJat.iCll __ 0.995.5. i ..."or''V
a b1P dop-. of oOl'ftU\tJ.oD CIl tho aaatII;lt1<m tlJat tho IlIlI1lftIl:'8 data 1.1>
tha twIP t.-tod _ u-r. nw dubed l1l>e 1Jl~ 8 s... .. plot oL
tho~'. oallbftt1on _ two tho 1D1R,,", 8'WPo
~~ IUah Va1we- P1a'-~
n. Iliab YOltltgtl p1.atAw tOf' tile~.. iDIrt.....nt __
~~ the 1Il1t1al t..,tJ.!l8. ~ ldah voltse- p1.at..ll """"'
101 1:bIo plot of wltltgtl cug1z1n8 tile 4etecl-ur at..&n ~ ttte deDal.v and
1II)ilrt.~ P'l&"O ....... th8 m:IIber ~ glllIIIOlI. nq or IIeDtI'llll. t.ok "cntteJo
0IlIllIU flU' m1mIt.e. It 101 obtdJM bJr HttiJlll: th8 Idgh vo~ l'IOf\Ul.&tor
Ia1:~~ tn>II tbtI 1<JWUt; Ta1ue !Of' >Ih1ch t.lw 8_ lIIl.ll roC01"<l
00l1Dt" to " 1IU!fioiant.l;T h1ab lnal to 4ateot th8 Nlll'I ldtldn \/ll1oh tb
nlctloneb1p ldll ba lblaar. '1'M& UMll.l'~ 1.& t.n:1t<1 tm. "p.1ateall",
" auitabh c.ho:1oo of Opllra.t1:ls voltage 101 -.,•.<t!e,. in th" O<I:lt.r CIt tILU
",._.
I'1DIN 10 h " ~ of t'oI:l SlIM platolPl ll\lJ"IM <:\Irt.er.:dnad 4url!l8
th8 tnt ""nn <llIaor1btcI in th. tut.
J!rl'''' t,llt1ng
1'h! rm.-l twt.1!l8 pNgr&I>~ CIt tallW:l£ ot tho thl'N
41ttellll>1: .l.mtnlmento (V1at.ee. h'llC>laar-llhiClaao aDd. 'Il=1.a') C>n tile tl\.reOl
ao1JJo~~ and. ua;1.Ilg teolInl.<r_ dlIIMll'1bacl~ the 'hud< ng
"~'. Se>llII ~ tba tut1!l8 waa pIlrfll..-l. UIl1!llI all tllrN i=t~.
C>lI C>m tut II&IJIh CW:CW:1U'tlT but. ...st ~ the t.etrto ...re run llS1ng JUjrt.
_ 1Dat1'lllllllnt 4url1I& ...e>h wat1Jlc Cl1"1a. Tha ",,,It.a ~ th1a 'tesUJli
&t'II pl'.-wd 111 tlw !'om C>! call.brot.ie>n C',,",", tClJ' NC>h 1n:I1"idIIBJ. 1%mt1lJlOBnt.
It tJl<1Ill4 ... .ne4 t:bIlt. aU ~t.l... 0IlrftlI PJ"I111M4 1» allb8OqUlll1l.
grap.. __~ uaiJJs th! but &q\IU'M fit lIJ11:McI at p1<>t.Uqj:
--.
,,...,
/I. total ot D1DBtem> dorl51t:r t.uta .m~ 1IDiat..... Wtt.
_ ZUD on tba t.h.- BOlla uainlI t.b$ V1&tcc~... !haM
80lla _ tt. aanl r U lI1x.tun. 000U':0II EIld II:D:l IWlIl;:r~~
..-
~ 4upth of ponetl'llUOll fw b<rth 4Gr.a1t.y ald IIIDW....~.
Illml bM>l detol'ld.rllo<l tOl' tlLia 1natNll»l'lt. end u. 8l>oUl1 011~B II aD! 12.
'!h.ee data MmI~ b= til? cunc=~ 111 F1,gI.InIe 13 mel 14.
:lIiI.JnwD ..m _ do>l3\1t10B 't.l:I'U t.tlwn fl%l<!. ool'1'e1at4ct \d.~ tM
~ """"". to gin ~t1on cu.rvoe bo>Md on th/l AId llCllO l:lOll.:IIlN3ltt.c
of duslt:v. 1..",...... of s,:m1 00IlIl dsnsitT~ an ''-,'!l",(;$ of tile raJ.tiTo
cO\lllt.8 obtaiJ>Bd. on _r.l ~rs 1:1 plottGd OD~ lj. .u.eo. a o~
of un4 lIDIllI demd.t:r ........... tho ftla~ve co=t obt.a1mod on tlw top~
a- u 8bo'.a 0lI.~ lii.
lla1ll,; tll8 I:W.k dmodtin _ IliBI1aUl'lld b7p~dIls,,~ l'IIf'.hods,
O&1.1lmo.t.loIl __ of l'$latift coUJll; Vllrwa bill dcms:l.ty 103M~
Fjgltw 17 Itlo'IG tM~ of &Vl>l'q<I w»: domdt.y nnr"", the &'VVII6" IWl.aU....
~ or tlle~ tDftell~ F1eta'o liJ 1l1lI&tnte. the~ b.11k
dan81t7 Yftl'lIWI tJ>a flal.I.U," CO\:lrt; of thll top l.I,)'lIl' tr.It~ onl;T.
i1gILn 19 u a O"""pDll't. ftt CIt ~." ot tile~ _'1,,,.<1
ftl&t.i.... _ .....,.. ~it.y 0......... It o~ blJ llMI\ tl\l.t these C'ln'h tall
~ OD top or~ cr.,Mr ntJ> tbe1r .1o",U Ila1Ilg ~toJ..T toqtlO3..
A1ao JiLo't.ted on t.lWo~ 11:1 tbI~r" Cu..."1'8. It ill _
to r.. pI""q) \0 til,~ lour lines bolt. .it :b of'tMt !lw. u....
lAbo...toI7 oums. It 111 boUon<l t.lul.t it' tllo 1IIlII\ll'Mt= had IIM4 the
_ .tazllluo4I .. ualId :lit. \h1a ~. tbD1:t'l.,i,. .-ld b-. tbt _ u
t.bc:8e NpOl'Wd booNSDo tlWII~ 1.oll4I to tbf """,,,""OIl t.""" the
~"'e~~ em thooil' ca11Jmr,Uort 0- ... plN:l.bq 111.
fII8 B>1nun 00ZIte/tl; dilt.en:d.llat1cnf, IIIIldlI at. t"" snd of Hob dsnnt-7
tat. _ oort9V'ted i=to p>un:13 or -.tff ~" oub1c 1'oot oJ' ...t.erl.8l aJ:llI.
~ ldt.b t.llol _leu' OO".IIttlI obt.&1Dod ua1ng tM V1aW<3 .m.--..". C.u,::e.
A CII1'W 01' ftlat1" 00UIrt. ..-erswI p:nmla oJ' mter pel" C\lb1o: foot te =.t.ri&l
... plot.t.acl :III~~n F1gtlra 2Q, 'I'hia t1g.lnI~ e COlOpOlI1t.a
_ oJ' Ula ..,ut,...,.~ VU'tlWI ftlaUVlt C<I\mt for &l1. oJ' t!:to th1'llCI
...u. taeWcl <llll'1nf!: tll.1.lI plIull.
A h1,glI vol~1I p4t.e.w. _ .. al&I lIet.m1ned for tl\1ll 1twt.nmlent
4Il.r1r:\s tb1II .tap oJ' tellting. 'Ihl.D..,.. e~'"hod. in a .~ llWIIlGl'
.. to ~ mot.!lod daDor:l.bod pnvioual)' 1'or~ the 1liBb mtap
plate.., <:'aft 1'aI'the a"'l.... oJ' Ch1c3&0 ~JQlllt.. 'lb18 CII1'W is D'ICIl
on~ 2l.. Jho IIhf:>w:I OIl. th1s J'1B11I'O ue ftlIlt1vtl 0CWIt0 011 ..~
~ h1DGk Y1lftnII Id&h 'f'Oltq1l CUl'VQ, 'tho. \lIa1'Il~ 011 t~
d1J'1'elWlt. d&t.<nI cd .:-. _ to TN7 .-.<&It.
the t.II8t IIIILtor1&lD p;rn1.ousl;p" doIoarlbed. lIDd 1:11 at~ ... lI£.de to aanel&te
tMn date. w:l.tb dllt& ............. 4ar1ll,g the ln1ual te.t1lll per1acL,
0..11' MOIl.~ oJ' ftJ4un. --'~ <llNllI1t;,' J'o;r ..,.m or the
~ IIllI1LII lIN abGMr. :lD~ 2;3. n.eec llDoe are •...", to ""~
,.nlle.l to e&llll ot.beJ' .,.." en eq....UC>ll 01' the ael1l>f1lt1Dn _ 1(1, iDliOllted
J'al' b ..., pue.l aDd tile 00U'llII 8!lIld.~.
.la. all .U-.t to obtdJl .....~ Mlft'_ .... 1fllc!l to p1&oe
tot. l.Nt~ '**' teA1D& U. _J~ .~ __ ot
...,." .. p1....s CIa U.~ of -..oIl~~. eun.. of nJ..Uft
____ .sma"" to,. brUI. -. 1 •••• W1~ mil "1'_ U. 1.n'lIl1q:
--. ... UNl oa ncuze a..
I'Jctgw a5 ud :a6~~~ tor u. -.no- .......
..tar.Ial tor bo'U:I the 1A1Ual d N'I'becI~ __ fl- ,,,uill
phue _ • :" h1~ -'srlJ. 1962 "'ww the~ -u:.e
.. do:Ir.-~ toM -=Ul or ...., at: ,. 1962.
J'ScuN 2, __ •..t of~ to,. _t.. par m-.. "N:l8
dend\;r ....na- 26 ... the~ of NlaU.. """'It; ..,...
"'"""'-1t;;r. It _ bI _ tbl.t to,. ba1:II.~ of~ \M~
...~ w oub. otbl,. bat ott..t n- N.Gb otloer b;r~
toM _ nlatb' -.:ur..
0. to ::1Jlor f.u..u- of tM 'troxla'1Ntm...nt. 1Qf1ltt1rilnt.





tbJ --.- p1ot1:.I4 b I'1FN s 1""'... thd.~ , _ZtdD
u1u.l~ toM .. ; _ of u.. _'Mr pQp ...- rq blair. ....ttw' 11
-.nt. !b1I ~t-- u.t. dllI to u.. 7 V ..,"" of u.. lJ.qIl14" u..
__ rq .n.1.s.t:r ..~... 41,", 1 .e oall' oa toM~ it.l!. 'ft!1I tid
tlIE~ e'rld_ Ua1.1 (.) t:lao~ 101 _., 1ll it..
r : to • t • _'- ('lo) 1t • 11qld4 tAl I.-l. .....
u.~" Ie"" t lb'llq cu. bI~ W1U1 • b1atI Met- of
1'!Ia~ cot toM PQ'~ 14Ul~ dlopUl
1.1 ...... l.z> ",.,... So~ of toM oi&b m- tbat. Lctro tbt lut tour
1lOI4, ., : cot..... cot _ ~ lIqu1ds tc~ tIMo~~t1aD
r-u.._1.IM-'pu-m-.......rOD1:1 __ ot .....
-. ......,4..... '-4 tMa h1F~ fl'CIo tIMo ... u... 1"",.
nn- n 11~~ a- t.ban 42 0WIIb pO' IIlmzt.e no. u. _
!'II1a dft1aUoa or U ....'IIlIt.8 pu' II1DM 1'.- U. _ ~ I •• 'ftrla-
u.. or a1w:I<lt. 1IaU • p:IIilIld ptl' o<edJ: fOot. or dIoW.t;:F 111 UlI 1l1ahe>'-u.
vU&trt.a &Ill a- tlX' u..~ lmlt;~ nae-.
ThI JII'I'pMe or • &Itand.>I'I!. 1& to~ .1 ' '. u.~
-' n'C!'"'' 1nt.u'ftl.I; to' ....w. tbd; 1" oal1l>nUcaa~• .-m
~. ~ tM 4at:a pi: I'd'" 1t w:>Il1.d _ I"'.....bl. to .tate tlat;
PI'"14Ml _ ll.q1li.4~ 111 la!Op .-gtl to~ p:za ft;J& ha
_'pl ... OIlhioM tIMo UqIl1d, "'- 11.q\I1d 'oIl..U act ... h1#l .."..J.1t7~
to obtok _ dIiIla1tT PIlP oaJ.1bm1on. It. CUI tMnton alm be ...-I to
ua4s .u.o, n- UlI data it oan be~ thn III 18 1IIch dia>Iot....
• : ...... Ib:Wd boo U. "'u!l•• d1a..t.e:r t .... tM 16l.7 pet l.1qIdd" u.
ftIa dMm4 -.. 111 nc- S~ UlI adu..l wln!lU'~ d
~ UlI ,,"'Mr an It'•• TIl1a adUMl win! ~.....-
u t;nd.al cot u. \7pe cot 1ato:.uoa 1:ba 111 NqlIiNd ,,".s.w 'M u.
viU> the __ pup Ilbauld. 1DI11Gati~ the .s.ul'lldlat1an of the
or1taaJ. .s.ptII by ..._ of liqlddD CIII1 be u...s in pIUtJ...o. lIM of
l1qIdd.e &J"NUJ' e'qMl'1u. tho Pft'h1.aI of dneradn1ll,B tblI fldn'_ ....~
of ...u~ by "the n"d.oar &&U&", partJ.wl..d;r 11 the~
u to be u...a f<lJ' date=1n1Jlll: tile w:t 'NOjght; of tlWl~n of~
eou. l>1.~ <IJ" con=rl. pnuunt.. 0w1.ng to the t:I.i1'fi.wlt1' :In 001>-
~ the I1ft1t wd,ghta of each ]..qv 1t.~s "0''''''''\ d1fr1cult
to ~l'll1rlII tJIe _ Womat!o:o. ffJr ..ill ....taNh or ..u...
U Uqu1ds om lis lIIlCe<Io~ \lHIl, to detetto1ns the deptll of
W:w.- IlOUUJ'Od b7 tblI m"".,M 4snsit,. PIll:O, on<! d"".. tM 1.1,qu1ds gl.TlI
OODlIutent 1'WSpOnH to th~ P\\llOO ths7~ th&/l be ...no :noJ.1Ahla at&mlaros
thaD ...:u..a. """,""I", e1n<:.. tlIo:Y Al'OI to:do, U'S 4Uf1cult to Iw>dl.e ADd Il1Tl1
~.....:s..... films, tho 1lI1.tenI Pl""for 'lIG11d~ at the Pft',..,t, u..a.
ll&Ul>fttion fol" Solli Stud1ad
TJ. purpose of hoti:l&: utua.l "..us 14th the N'CloU' dorIII1t1' IlZId
""1st....~ u to pel'<llit dotem1zl&t1Dn. of 1noos1tu ..,J..ot,ll.I"l> IlZId 4owI1l;:v
:l.l:I rwJ.&U"':I,J ehort. per1od.l> of tiDo. It 18 '--...r puUnont. to Il~te
that bItIoono. of dUfeJ\lftt J'ldlooopldeo of appl'>&Oh to teot.1Jlg 1:1 t. . f1e1ol
and in tbo l.oh<n'Iltol"7. ths 'ftll.41t1' of lID inlrt........m.'. caLl.b1'llUon 111 tt.
~ u g_l'lIl1:r quest.l.oned by field p1~J.. SZl4 l.1Jorod.H the
I'UtZ'1CUTlI ool>S1<lU&t1_ of the hbonl.tol"7 ..pp......b W1U 1:1 gottool'll.l ~jut
""'" ...".,..",..
TJ. llte1'll.ture obotmda w:1t1l do.t4 ....l'O OlO:el1co:t lahoftto.,. CUJ'ft..
.... lIl-. fol" • parti<Nla:r 't1Pe of 1no1;r.a::ent, Md w:1dll:b' .....ttered. data
..
~ tM.t .. mIlI1.M:r gaup _t be OOlllb....Wd 1n u.. f1aldo and oth8nI
tb&\ 0&llbftt10a Mi:>IIl4 be O&!'rlad out UIldeI" ooort...u.d a<:QdJ:t.1O>ll1 lJ\ ..
laboftto17. ~ alooo dil!6l"II as to~ .. aoUtlWll 4I-~ ahmlld be
0&llll Wd. I91Mt .. oI>-=d.Gal eqw:nl.ent at..mud In' b;l" ....w.J. ....en <1J'Ud
DOll W_ lIlttllolb. TIw rep>rt ll'OlO tho. !'qinHZ"1D,g E2periDl:lt stat1o'l
or tbe CII1D~ UQ1nre1ty (4) r.pol'ts OIl e.al1.b1'l!l.t.10l1 cd 811:dJ.ar Pus-
b;l" t.bt lIId.VU'81t;; IIt&If &ro1 tlw~or~. Pm:o. the ..lIl1ta
obtdDod 1:0' U. t"" a\l1:ho>rlU... tbo oa11t>nt.1oo oun. obtaimd un:l.u
laborat.o.,. ocmd1t1o.llll .t \Jlo Wlivue1t)" do.. Mt NfiKt the _tWI" or
claW 1lI:I1oh 15 1;Tp1cal or tho nolA olllilml.ted 1nBtl'\Ollll:!lt. It. wuld I.J'F"&Z'
thooM~ that. :rt,lllte or o.aUb....t.1C>I\ ter.a bear .- l'Ilatlon to the
D'tbO<I or tenizlg.
II~ in tlwI n..ldo 1lIlOleU' CO\IOlto &N Nlate4 to .....-m•
...w b7 _ ot tlw~~nal JIIltl>o<a or~~
deIlait.7, (1,., ..m "".. ). on.....-'elmo, tmdoor t1eJA OOlldiUore. pI'Cl<h:,.
till tllM IIId.t we1&l* of .. ...urial.. 1'IIe ..&OO.lllI for W. &1'111 'lU'ie4
and lInl prIncipoUy OOIlOem14 nth the ..~ or thoo vo1>.l::!Ie or ..
~~ ot _tod. ...tu:1al. Bod.\III tS) 4etorm:.4 the~
or .... or tboJ tal'thod.D ot~ ot 11011 llOI1t ,~t 1IIId~1" ~.,.
<IClDW;iana, lIDd. .-taw. tha.t INIal <MiMlty cyli1><1lo:r.. will on. the~
~ ..~ or.OCUZ'OlO7 of ~ 2.5 pol'~ h'ol:I tlw ......
eu..,..m 11...._. (l) "port. 01\ tlw1r ~o:>s~t.:1"
to tNal,.U- ot ten.1Jlg oqll1prwnt .. f'oUPllllI
~to~ at-. the~ IJld~ dn4t.1m>8 tar the






1h poor all. n
M4.'..,
1'Iw...... .1D tlWI elq>el1Dllt. III ~too 2.7 lb per <Ill ft
d1t1'._ iD moP dana1t.. 4stN'llil.tlo><l lq tho~ .-tlIDd as <l<.Cp&Nd. "ld.tlI
tho ooll98ZlUamJ.. 1IlO't.hodlI. Tho...... &leo an ap~abla dUt8ft1"1D8 1D
l/taDI&ld~. S1noe the true _ an4~ d89:l.atton of domlI1t;r
in tho~ _t.erlaJ.. wa3~ thUD ...., 110 'WIQ' of dlJt.eJdnil:l& wll1cb
or tho throI. DlItboda _ weeR to tlllI tNth. ~DWl. aw-
Due ... takan in tm pnpuaUan or tho na!llpfolltA<l bo.so ...ten.! tor tlI1a
..riJ:Il~ the ....t.bol"I doubt. that thlI~~Wt.T indicated by the
....llOOll end Nnl 00ll' e;d.oted. file 10v nNh1litJ' W1n'eo! by tho m"''''r
dn1c1&~ \0 bll l"'al'n'tho tJUth,'
D&ta u Pl"'lJtIl>tod end rr,>o:rted "'" J. R. Sall.bs%'ll in h1lI diIIo\lllll1cn
to w.u,. U'U~ (5)~~••~ of tho .....rage ftl"". or •
ll.1Id>v of tJom obta1llld tr<a • .tuoV aam.<1 out at the Di'ridon or
ftI;rd.oal~ o! tho~ of Publla RDW. A <UU._ of about
8 pet brt : I tho naalozd IN'Rd. oem and 1Il'.diIrtuzbod Qltho<! ('lI1ch ool'Nlau,
nUl tho oU ~). 1Dd1estu tbI pos:rlMHt.;r I)f error 11' tho IU¥I. oone
U II.MCl .... .IIfIt:ba<l of 00fIt=l :1J1 tbe rield,. Dt.lr1llg toM pl'lNlG'lt :lm'ostigftU....
diU__•~~ S.S cod 6.!1 polvano~. ~ d1.ttn_
....,.. ~. ""~q~ NlaUn to 'IIl1cb "ta"d,DZd (Hld "".. Or
UIIll1stuzt.d ....,J.e) ohould boo "* tor oal1I:>nI.t1olI. .1D botll tho laborato".
.. """'"
~~t. than tho~ 1OlftlIods. ~ thep~ :\.nVut.1-o
Pt.1ooIo ditmitiM """ ","lIII1nod r- l1ulk wllmla'~ to%' tho
~ pd1en cat .. tM\. JlII'Ig8IIlo It. 111~ that ....llrinll the bulk
~ ..."~ J1eJMd ...,.. ~t. ~ta t.lIan cI1d the KDd __ IIOtho4"
AowIuioT of u..~ Il8naiv~
"'1IIllIIl1ll6 the <Sona1v OlllP ftIIP'IIlM lOU stat.l.Irt'oeJl :r &lIllllnIW
tw the ort.a.rli1u<l qa1l:wt. 'lll1<Ih it ... ohocklld !>dol'> _'7 test* t!'.• data
p1'OIMIlted ~~ '11n4l.C1ate dJ.1:tuart. :un.1U' OOlftlatlollll EoI' -.cit oE
TlwH l.Dll:I.ut.oo 1', Il1&lI dqrH oj' oon'OOl.o.t.toIl bst_ 00Illlt. par .mute
ob1:.d.Dod. ..1th t~ <Sona1tr ga~ and the Ill'1t wdght of the IOlli.
J. ;,t.andud nth .. lon>\m. IZl1t ...1ght ...... ll>t Wlad to ohook to'-
.tnat.......t~. 'l'M chotcI<:a ""I'fo~ "'"'"~. to -..rII
thd tJ>oo ~nte~ bot'ora uch tout tha oorr.ct raadings on
to'-~ pzvrlMd b;r tlw ~unr. '!M ~ltap nttiJ!p war.
adJlIBtto<I to obt.o1ZI t.hll cor,.,.... 8t.amlud.~.
J. ool>C.1"lJte IW>cl< l:ILda oE atamnrd Ottawa MI'ld Illd -m ......
E~ to be ..ad u •~ Hcn.nr. d1£ti~t.1.. ocllllr:l'1l:lll
cblr1t1c tJ>oo out1llg and curlJ1EI: I'IdHd. -..J. qua.t10N1 nlaUve to t.ha
aIl1to1b1l1t; of 101lll bJ.od< EoI' _ ...... stard&zd. b ...\lIlt.a obt.a1l:la4 oc
UI:1a b100Ic an Il1Ym in Tab1I J. 'l'ba _. per IIdmzte -.soU'IId on '4\ep
in .. 24 1rlGb di ....... 00Ilta1nN' U al80 PTIIl. in 7abJ.a ,. 'lh1a latter
n].., U lower t.buI 'UliIt 'l\lQte4 £Or .....tar b;r 1;he lIIlI<N1'aet~. 'rlw. 1lld1catn
.. 0lIanp in thIo cal1hftt1DIl o£ 1;he 1l:lat~ u diatarmlDtd b7 the ___
It 110 dita1rab.U t.hat &dd1Uonal tecta be IIIlde to clirte_ -u.u
tlla 10....~~r•• "'M'r:! _ .ol1d 1ftanI!ard) EO'I' OMoIc1"8
tile~ .. ezl7 .l.,jp:I1t1oaDt d1££__•• Data obta1JIad 1D th1Io
,
atw:l7 bBft 'nI'",". tb J!Osa1b1Ut; of ""'1llC .. 11qu1d at&Ildard. baoawIe
of it. "'-e-»ua atnlot>lra.
•
"th. cdMt. to 1tdoh iW' 1tt the ",,1de attMted U. l'llo&<UJl&t ~
DDt. .bDC. SpMUJ. PI"""'1Amlro ~. ..... to~ PMPU'
·wi.". of tlw /I~ tll'l tbJ~ .. th&t air lis;> WUI pn..m. IlIldar
U>. &alIP. -p'o1all7 ~l' tilt dlrtooot<>r ~.. .Idd1t.1D:D ot t'$Iw and.
to tbt~ of thiI gn<Val and QO_ e......s. e11m1"t.ecI. """",.. ll7!li&l1
&&lIP f'O&d1.rlp dllo to w.
rn. data lIUQlll~ th&t & 1dJl4l.e :u.. lIIU1IIat t.. used to reprellOZlt
an _Nll~ lNl'Wl tor the t.eri&lll t.nedo Dat.. bJ' othu
1llnet'got..... al80 l.Dl1osb that dUt "m uteri&lll plat on :>eparst.
Ullo, (3) (.4). no. dubd. llIIll in l'i£ure 7 .me- u.. a1D&la CoIllbl'l.tioo.
C\ll'fto~ bJ' tbt lIIIIDILl'l\<rl.u:<Il.. Oft .P....1-"7 pnp4ftd CIODO~ blDc:<lI.
1'h1. pol.l:*. !IcIlNIftJ'. .IIIl.st be II!wai<Ild tunber tor u.. 1lIst:umnt in.
q".lIt1on. 'rb>re U • need to olJtd,n baa1c~ to dste:rm1m tbe -.. tor
tbJ~ d.UtOlW>ll... in the C&l1l>nlUaD. aIIl'n>So
:r.t~ of lbisturo CCIrlt<B1t Oil Demit,. 'ft1"lIWI
Count, pal' M1Jmte Readinp
the 8CI1lII in t.!IU Irtud;y _ ~t.4 -.hm d17.....turat<N &lit
at~to .,1.stUl'tl content,.
Carltoll (6) hu ""8lP'1It.I. that f~ • pal'\;1cu1al' mocl.Ml' ~ty
1tIIrt.rwoont. til, WIlt ....~ ftl'llWl COIlllh pal" I:l1mlt4 CIlMlM -.r plat.
1l:l • len.. of~ Uno. at.~ ""1.I'tUnI lIODHnt tor all IllII'OILl
Q'pt of~ DUe. I>l>t.a1Md.~ th8 1nft~t.1Onam plDtW4 iD
~ 9 1nd..l.A:It4 .."m ..~ b'ond.~1no~~ta ....
cbtCatd to ocmt:1Jm. tll1a~ c1AarlT.
~ 9 1nd1011tM fol' i:lw 1'011I' ..u. t.st.ed" that ct .. pU'U0II10r
\lIll,t --.~ of tba ...u t.n-... tllt ..1Irtun~~..
"v... J.- ... .t- 111 u.. n¥!b... ooomt. per 1I:1nllte. FurUloJ' t.e~
111 _"'U7 to omt1IlI the~ of t.hi8 t.rc:w:l. ar:d to -=no
~ it. IlI>ld& UIl.a pntrall¥ l'<n' all tJplI or ...u anI' I lClJk l'aIlp
of IID1t Wlt1IlltI.
U \oM~~ to '" u.. _. pZWUoal Ola11l>ftt1on ClUl'ftII
..ul be~ tor tile IlIIO'e,p <Iclslt7 p~ Wdoll aft~t oJ:
...u tn>e am .... dapende:It~ OJ>. unit ""'i8trt. Al"II1 tXl1lrt1ll'O ml\t.ant.
F..stoZ'll Mtect1>lg u. ~tT
ot the o.n.it.:r~
TablI 4 1ndi<>&t.. tho spnosd of t."B f:l..... Z'INId1rl(:I tal<an to!" <>lllI1l
tlw Po1Ho1l ltinrlbYtiono llKrq all the~ UI08d J'or 'tNI '""'r'I\P
~. pel" 1WIut, trsr eltllb ton _ witlWl the upper &!Jd lover lllId.t.e
of t.IM J'Wll·bJe 1= {'JOl' oonti<hr>c:e lawJ.l. The &llIlP f.W"l'l"l to .we
I ''*' ta1rl:r IJtahl.e <iurlJIB tho p51"iod of t.eatJ.q .. b ahlnn .... t.IM
, .
Il18Il wltap platem OIlJ"nl plottecl in F'1&UN 10. 1'hh~ 111 & plot
of tbe voltap .-tt1>lg1 I,£&1Q:It tha oOWlt. pel' l:I1n\rt.a~. frno toM
deneit7 pup ~ ..,~.. I..,.wm. !Ito IIOt<I ot~ "'ll'f tak>:ll. an._
~ of tbIl d__ .. """"(ll-. ~ l1t\:.llo eIw1p 00CIU'ft4d~
tb10I puiOlI. 1t _ lDg1ca]. to llOD:luda~ 'UIe 1notnll>et¢ <!1d !lOt Ih:Iw
~ ..J'i.o.... ftJ'1AtJlz 1n ...... to the~.
1'bt ...,'MP 4lrIlaitT ga. _ &lao obIo~ in. oold _ to
~ U ~un Iwd IlIl;f aft_ QlI the~. n.. do.t.a~
tv t.I'Ia Jnl1,o&.. tbo.t ill. t.bI lIIIS:lUfutlllW" atardar<I" tboI Puce~ ab>ut
4IiO 00Illlt1 pol' Il1JI.It4 __ -W tor' 5 """- hoIl •~ at trPF
"w J,:/? b -'40 -=t.lI~ ItIo\d; 1 poZ'ld or tbI~ __
of U21J -..tIl pN' 1dJIuW. !!WI b oal3 abol£ 0.2.. d .... 'U>uo U.
or W\1llI ror u. 4d& plot.... 111 ft.- 7; tho t , • __ 1Il to'-
... :.UN, 10 u.t. tMIl !'..:\or b AOt. _d~." to be •~
hodo1' SA tbI 4Ut.- of poau.. of tbI~ or tbI 1lNr ...u..
2bf claW. plot:t.<td. 1ft~ • ".Uoet. • pod. lIOrftl.aue. bet.."
..- dl7~~(~) ap1Mt mo'_r COImta s-r~
xlWA tbI~ or IllD:I.\ItUl'e oom.nt.a • .....n40 tIM amdautllNr' • .tan\ud.
~ tor tbI 1&lIl>. 10o~ "llll OlIl1bmtN to> oaon:11U- ":dch
-.p........... ¢r71qj. b~N is thIo h1a!l 'ft>1t.e&lo INtUne b adJusted
to ...-... .a _"&I"~ pv Idmt4 011 tbI atuIo:IuI1 ol6M to \hd
...-ut-l. tbI~ u... lib-. iD~ • -'-l.d prori.oM • ...,."
..u-wor tbI~ ocm..m. 1'01' \M\oI OIl ..u. "'MI'.,. to~
hrid
'fU.b1a tho~ nil&"~ tbu'I~ to bIo l1tu.
en_ .. tbI~~ dill to tbI~ of IIOd.l tMWd.o 1M
P'lP -' be ........ IlP1'lIt ...u. COIIt&1JI1IlI U&bN'~
m1 41ft '"'" of e1q llimalh rw aU tOIU' d11f.~ .o1b tbI
UIdt. ol 'ft$t.1aa ot U. f1....~ t&IlIm 1'l>J' MOh .,1at1lft~
~ wU 1d.tb1n tbI ..llobl_ en=~. of tbl1rlft~.
!"U, iIaIll8rrln' 'l'rb!ttP'M
'. ._ of V. -.J.er d'd...,~ ol tbI Id.P ....... to
;riaU. I' ..eel ......... to.. -rr '-t __ te..' ....•• b..ror.._
,.
of the Il<:Qat INt10 atbo4 ... dMl.....~ wl,th the st.aDdanl opwat.1zlc
~ Nm'n1'\ll oonstallt.. V~. of~ .... ~1Able 1d!;h
~ of deml1Q'~~ !'na. 20,250 -..r.w JlU' II1mIte to l8,SOO
-m. pel' 1Il1wte. Th1a"..mwn on~ 22 for both delW.~ &l111l1:>1rl_
pu,ge.. AU.taz1dard8 'W%'e talc..., w:l.th thJ 1ItJ.t~ _ loc.rt.d "'"
1:ba """"note t100r of thJ t.esUrlg arN.o
.uao.. at the _ t.1mlI .. thJ mf.qe plat·fIl' OUZ'WI~ ~
ttJosz>o :1"'.... '"61' left t&km on I; _Nto~ >dl1oll va. Jll..e.o"'" 1oI<lOdan
plattol'll JuR al>oft the _rot4I tloor. on."" dlr.t.a an platted on
'1l!UN n ad ,bow tho"fUia:lN lJ> thJ~.... CllIIDt .. _...t to thJ
nltap tor two dUfnom. dato., .llt.:lc>u6h the t"" llW"ftlo dUplaoed !'na.
eaoh ot.t.l'~ t1w7 do W>ow u..t the ...laU" _ !I.iJ'1¥ .teblAo
at. tdal> wltapl ...~W4 BOO ""lta oa tho <I&t.e on lItd<lh tM
....... "P ... ude~ It ..........." t.I>o.t thl> depth of ~ratiotl. 1'01' t.h&
Vi,toM ~t7 gaIlgll cUd nat. GDM4 the toMelme.. of u. teat. _m.
-.
DotpUI of ~t.1on CUZ'YU tCQ' both dena1~ IPl1 lIQut.o.>.N (se.
~. II " 12) w,..~ 117 tak1ni: oc\lllt.e 011 _ ..s1V1lJ,y bdlt
up~ of.on. For llmrlt;r~ • ~oa ~t.1acI~
thJ dIopU! C\lI'ft~ b7 thJ ...."..,tllNr and thoI LIhomto..,. oonst~
_ ... lblRl 1<> .~. ~ or ~...tNt.1.<:m .. drieDll1ned 1D U.
1abol'a\G17 __ t'lUII 8 1DlbN at. 100~~ 0Ilb10 root
to ,.~ at 150 pll'IIIIda per cub14 toot 1M stIO\1Il on F1£Il.N 14 It abi>uld
be -.pbe thst; theM an~ n1..... st- ...~ penetntion
_ "·M· boa thJ -..r_-. 1t ... 1Ip>loalble to ... _
~ IWng thJ 4blo1'll.toq oonnl'Ull't4d. ""'"'" ~ ""1tU tor
..uture .. __ on J'1gun 12 l'UlP t'l<>a 12 1ncll.. at. 2 pclIlIlde of~
par cd>io t~ W S 1.Dctt.. lit 20 pclIlQd.a of ....tezo par <Nb1o f~ •
.Itf "uu"'na .s.rwu.. dilWnWlN 1:17 t'- and oom -.tllod wid 1:17
dbwclt~~ UcIltl wl.tIl • "lath" w.lIIt rcad1DlI tor tlla 1Mt l.qeI'
tallWd. &l'II1 11'I .....n,p ~ tba ;rwls.t.1." oeNJtt tor Ula _raJ. lfJ-" tutad.o
1t. .. p;lfIa1b1e w aatahUah t.!la f<nJz' oaUb....t1o.D """"'8 •••I:"M' on n,gw.,..
15. 16, 17 I< 18 rw1t.u. _. dAr>o.1tw> to ccnmt. ....u.o. 14na. ot N6~OD
wan 0&l0Illata4 tor aaclI O'llne and their aquat1=a an~ Oil thII
it 18 w1deIlt r- f'1gIl.ro 19 that • Mgh dograe of eorra4t1on~
__ au fo<:r _ ..
h~ danait,y lllQ'YW8 '\IIlIIn plDtt.d, on • 0C'Illt Mtlo bu1a
8l>I1 OOlII;:and to tlw QIXlUfa.ctllftr'. _ ...... qual1tat1~ Il1&bI1r. but
~ to tha .Il8IlIltac'tUftr'. cum. I!owftr, ...... ill f<>flr den:dtT
GUft8 _ ~ to • JlU"~ pu IlII,,1IIU bQ1a ....s. 0lEIp&IWd. to
••'··q·r 1Il'Il1ltlIoct\lftl". O\l!'ft, tlIq __ to be~ .1mlar.
~. it; ... oono"yIed tJ1a,t t.I>a~ _,dad. lIT t!>a
-.mlt~ __ in U'Z'Or and • DOnI' ataa1aN ......~ .u-, tlw
tut that tha pura count. par III1mzte aurn. for til.....utMtuzv'. e.tJ.1brat.1ol:l
am til.~ oa11bfttJDD _ hislll¥ .''''ar p'nl n1.<IaMe to
tha o:>m'''.'on that tAst1J\g~ tllua tar ,... t1'ae rn.:. ill outa14e
W~ hG tba otIIar~ \1IldU'~
S1.Dca 1t WI.II .bo>a tllll.t tha t,ypa or OO<IIp8Cti.. effort (pound
~ ~ pIlO.-t1ca.lJ¥ tN!pd)~ U1Il~on 0\Il"0lI08, onl¥
~ .norte waft m'll ..... Th1a ... dena to IlI1n1m1u tll, .nor dua
to antl., .t or u. ao:U ..-lar tlla waJa)It or tba 1.DIt~ 1boall it
pJaoad GD • 1.00 ';, pJaoad..u.. Sf.- onl¥ t..pad eft....... wan uaad it _
,'.'1."" to Imk wl.tb1n • ...tr1oted :lVlp or dm>aiuaa t.lIuwlv' u..I.t1lw the
&IlIO\llli. or data thl;.t COII1d ba obta1Dld.
"q porto1nt"1 'k> tho~ callb...Uo.n tor t.h1lI 1nRl'\ID8ntl tho
......u.ioIl _ 1<1 _ GIl FjgunI 20 &lOIlC nth it.. equaUon alll1 tha
0Ul"n 1.lId1l>&u. & b1&h dagI'M of oonelaU"",.
I'urtJ>l,r V!am 1IMI~""
Swnml ...... a.ttQ> tho 1.udorI of the to~t1llg all tha VutAo
l,naf......m. a wit to tho m<M b7 _rU "".--.1 or V1at611
8,Dd the 4Bt& tbUII tar~ d.1II"""Hd. Snerel lltl<11fi.odio... at
test1qj: pI: 31 i'l". _:I'll d1aO\lllHClo _ ~ tho \lila or an W gap UZlder
tho Hlt_1!ItMd.a:'d. _ to aoh1orve oolllltant .tardard l'O&d1rl&a. 11:. """
mLed b)' the Viawe ~p~·...ntaUvu t.h!It it hu bMn tOID1 th&t 1llaona18t.eno.1e1
1:1 rtm4ul1~• ..uJ. be <lbta1:>ed. it tlle Mlt~ _ :l.8 pla=ud
011 Ul;f nJ'f_ :lD the u.s.:- or an Ul' gap brtWllll:l it and. tllior~lnlr't_. !b1tI 1a _ to tho raat thl>t pmetzat1M~M1.t~
tolte 11 V'Mter t/I&n tho th1olm"". or the o.eJ.t....tamud _I thwI
~te ett.,;t. ~ the~ 011 wh1ch the gallS" re.st.a >d.ll briDB Ilout
TU'UrIl8 ~"f'An~...
1'1; __ .-lao ..nUonad tb&t it hal been tOOlld tI\:l.t tho TOlW,g8
app1.W b:r tho 1ntenIal wtte.,. t01' ooalln' opo1'O.t~ is aoawt'lllt. IIDr'll
oriMoal t.IIaD A,'t fiftt Nallzed 1Jr. u... 'nitll] 4eiJ1Ql or tho &&U£e. &">:1 that
tho ",,1a1MUt1 of b&t.t.e17 wltl<te au.ot1.n<l inteM1t7 >'Nd1JlllI a:1N.
fhe..forI. 1.t 18 .. ::!' eo .... tl.-t 40lta be obt:Lined to ohow tho ~te
l:bd.tl of ....tkty TOltaa- as be1llg or1~ 1:1 teat. Nad1lll:la, AJao. the
1lIt.r<l4uGt.1on or &JI &1r PIP t<hUto t.aIc1n6~ ... be ..-1 to~te
tho elrKU_ 1n dilteZlll1D1!1l .t.an:IudII >Cl1<lb ..ul~ w:l.t.h1n
NUR1o&l a"",", ot •~ Nile~
1ll.n1OIIllt.7 .. IIIlplII'1enMd 1D tbI "l.a~ 1Dft~ r.laU"
\co +td"'DC~ ~ (_ J'1&Ian 22). I'M~
_ NV 7 to _ .....r ..,." 1\ _ tt>....s to bt." a f-.l.t.,. l.1DIoIp.
!Mft!__ ckIIilt; -at& .. to _ ftl1d.1t.y of _ of t.ht NlAi_
__~ 'fM..ton. tbI., 'Mllv a1ft. thd IIIvta __ ta ".ta-
U '1i1~ 19 IIboald ..~Wd__ .-:>bIte -.t.~U-
NlaU__••
.."'-~ _ l&\u' ten1IlI of tll&~ 1IIrtnuazrt. tbI
tbl'H d-tt)' <>&l.im.U............... __ on F1gllN 23 ...... obtaiMd.. 'lh1a
f1&\IJoI IIbotN that • dat1n1ta donv1t)' O&11braUOll OllZW m.ta for aaob
irdJI"14l1al noU .." tllat tbv u- ................ ~kl,y puallel to
V¥ll o\llN'. '*--~ to tlw __ obta1Dvd. for u-..
U- voUa otvrt.nc tbI 1n1tJ.al toMt1D& phuv" it _ .. _ "-"~ am
all ~t&1¥para1lal to _ oUou bqt; that tbI .n of 0''-' obta1No4
~ \lin I • .,. w.t1lC pvri.D4 am G!hft r- ta.. eM:"'" dI:v'i"I
tbI taiu.l pbMv.
~ 25 VDd 2i>~ Wa &IJ1ft f~ tbI ...... INQII.. !lou IIb1A
i.II ...t.I to .. appn>Zl.a~ \ba _ -u.r \lin n.l&i_ 00\lllt .... C<IIR.
pN' II1-u i.II plAWd ap1Dri. 4ana1t;r. It a'-l4 .. aote4 \tIst tbI v\&du<I.
n ., "C _ ti!fvna\ durln& _ t .... tnt.1.n& pnl"!.odol. !h1a dU1__ -
app",..b.h~ lDOO -.t.. pUr lO1I\I.tW. _r...... " _ !I<'IIl Pig\lrI 27.
for a ,,~ in 00Ilnt. per~ of 1000 a ch.IIIp of on1T about .02 in
"re4U.... oolll"lt 101 oblGJ'ft<! aD1 t.benlore tlWI -'>oIWI. Mt atterl tboo
re.w.t.oI~ t<l ....... tile UIirt obBo.-...4.
! dUr__ 11> IJt.Andud 001IIII;.... alao ellllO\Jl1t.eNd. fol.' tho
""IUIW ~~ .aU dur1ng t.lIe HCtIDIIaz7 pIIu.. 1'ho 't:u. period
1nWl_ >Illa .. .... I:Dnt.lI but. ......... just II!1cMIo .. c~
in II't.andu<I. l"t&d1.rIg of about 1000 olOI1ZIU pol' II1mrt.e 1oIII.ll ....t &tiHt
the Nl,at.l.n -m. to U1;f' gf8lt. .-nt, am n 1.8 theMe:. ooncJ.udltc1
u..t the IIIwq;e 11> IJt;anlard~ with t1D 1& not tile UlIIliIl at the
throe di.tto...m aa11h",""" """"'" IIb:MI on Fipn 23.
lbtlI t ...Ung phaNII vo"' po~ ill the _ ~ ..~.
aiid uW:c appro>:1M.toly tI>lI _ tolt1ll,:: p:ooed.ure&. 1'ho onl.,y .~&nt
4Ufa1"llll<:'" ,."re tho.t tile Opill'lltol"l ""N d1tr.~ tor MOil tos';,1n,g phI..w
am l:!IIIt otlt... 1.D8tnlltlilllto ....... pN..m.~ tN ..~ pIwI. ali<!.
rm dl1l'1I1Il tile l.n1'Ual~ It bLlI bND M>1m PJUVioUll4 t.lIat tile
10""""" of t.bo ot.h<>l" $OIU"Ol.' d1d not lltttoet tllO~ u Uwy ,..;...
Q}lt beh1.lld .. OOM",- vall <!Iu'1llg tating.
Olt~ 28 11 p1I>tted .. olU"f'O!l or nola",", ""Ilnt~u doluIit:l'
tor the "'- .a.rd obtal.Dtd <lIIJ'1ll£ the 1n1t1al to~ pile... tIT opn'awl'
1lIlIIIbof''''''. .lbo plctte4 on tl1t8 fi&Iu'- 1lI .. pililt obta1J:Ied 011 the ...,.
_wl'1al IIllIiIIr -.GU;r tboo _ oo!ld1tto,.. -.pt b)' .....ntol"~r t ......
!h1f; pc>jm. 1& tollll4 to~ wltJl one at t.. .. WUol pol,nh t.blre!v'
flfmh.t.1Dg the <>pU'at.or ao u.. >'etISQfl tor the ab1ft ot ourvu DcD. OM
~ Ferl.o4 t.o t.lIe ot.lter.
It 1& thereby W&4MWd. thitt the l'ea$OIl lor tlw .h1ft lie. 11>
tIM wtJ'\l:ltm l,\loalt but. 110 .,...,t _,,",,'MU= J:I&7 boo ott.no:! at t.lWo
tal. n. ea.,... at thi8 Il!li1't. 111 wdfl' 1nv8~ &lld it u ~~
the .._ 04u1ng th1a 4ao~ J:I&7 boo looAt4M1.
""- __ OlD ncun ~ 1t. ...... be _ tho.t. to' \WJ>,g • f1JlI ....,.;l
~~, • l1l<I,... ""u ditlimcI. callh..t.:l= 0U!'ft __ obta1nod tGr
tt. MOO 1011.lllb;t.Ultl telt.d. Th1a 18 probahq <hat to tbIo 1".at. Uwlt
til. u»4 t~rWpa to~ tnII a1z gIlpII IDler U. dltnsl~ PIIIJ"
~ tCIlJUng. nu. to tJwI C..mt.nc dea1en ot t.be Nu111.eu-Cbic&so
~. tnII p"..lbll.tJ' of a>rII air gapa u:16tiIlS th8n tor tile _r
lJ:ln.......m.. is pren1IInt. and t.lIereto.... tile WIO ot tile tilloor _ter1al
~ to 1II1n1III.... uu..
""",",
S1noe tIIol 1n1t1a1 ..-i¢ or the 1'r'alcln' m.tzumonto "lat1~
r.... ddt. pointl '-"- lIMn~ <hat 1'.0 inrtzuDsnt d1.tt1culta8.
~••t tlI1a po1nt 1D tlI8 tel~ pro&ftl'o M ...sults buecI. "'"
an .,.].Ul<U<m or tha 1DIltrlllllOrrt can be giftlD.
_ ....
IlILr1rIfl u.. ..na.d tout.1De; plIaM. •~ .. .-doe b&twoD
"'DBi~ all dne...m.d Iv tile aaal. OODI ..tl>od. aM bu1Jc-ot<>l.- densit;r.
Pl.oh of """'" COfIII dana:11:.1 n.",.. oslculnto<!. tlul.J<-rol........ltT ....
.m... in P1«w- 29 ancI. 30. Also, &II ....nt.ionlod IDlar~ telt.1rla:
IIIIItJIodJI <ID. pap l.l" lID 1nft1Jtl.,iat1otl to clotermn. tha bf,clqr::IVUZlId ettMltl
of ..sdJ.t.1<l!lal 1not~ ........ am t.lIe resulte of tIlU .-uclI an
~tAf1&ua3L
"".,""
TIw toUow1:ll:~ tho t1M~ Native t.o t.be beho1or
an4 'I.\l8.11ty ~ tI>oo 8&,*8 .. t ..to4 DZI the tIItol'l.aa deacnhod.
1. T!lfl noll>ltl 1r>:l1o<Ito tl!&t l1.quill3 <:an be WI"'" ><it!> " II:lgb.
depM ot~ .... & stanIar<I <I"" to their hoalganollll ohiU'o
acten..tios am t.no t""t that th81z d.....1ta. C(lI'J bft dnon:nn.<1
ac=~. 1Iow1...... <lwI to tile 1nco~ or !lW11llg
llqll1cla am the~ natU1'l!l or tIlll1r t\lI::"lu. ....ill .tandal'WJ
.... JIZ'lf'Uft'i.
2. !he depth or 1M'~ to IIdllh ~ <Ionait7 gau.';a .......,.".
'*' -UT be oll8eJ<t4 tl1 ll81l:l& llqIdda.
). A. l1.UI1t1:\il: (aowr durl.na callbra= or II l1UCI1aal' d4n01q
P"6" u the .""..rate~w detenD:!J:lation or tho IolItu6l unit
....1&ht ot a IJOiL UllUomJ.t7 of oo:apao:t1on 18 alae> t."."bl·.......
J,.. A. "'8Jor tllOtor &ttM'Unll callbn.tic>D. 1.8 the nrl.&t.1on11 in
at&n1&l'd.~ I'Nl<. t.1Jt period to test period.
S. &.all. IJ01,l te,~ .ppoa..... to ""'no • d4tin1te llMar ooWlta pol'
IO:1mrt.e _ unit ""1gIIt 1'fJa'l.1omh1p. !he~..... or conel&t1on tor
each ..,11 unit ""1Ilht y...."U11 oounts j>lIZ"~ or lIOlJ.at.1ve count
dllpeild,1llg on tho teatillB phI. 'IllS IL1eh tor tho 1nstNlOfmt3 tutad.
110'''''''111', the <Iat.o. ..."" _t 1'Od mId.D,g it 1ropou1b1o to <1ft"
•~~t1on ClD'YO for .n of tlla ...u. tor tither 1nrlmo:mt..
llegnHI of ntutati<m aweued to 1n1'l.ue"". tlul lm:1t wo1ght VU'3IUI
-.nt.lI per IIl1Illlto or rel.ati... courtt tor all ....ili t.ooat.ed.
"6. E'owl tbo\l£:ll u.. ""lll1ta n. derIalty ......- ....... l1nIar MIl
~~. datA~ 111 ~1:11. ,tucb" 1n:I.1....t«! Ul&t the7
wu.n. n- u,.. to t.1nI. nu. ah11't. 111 Il.:I do"";' _ to aIIal'\£U in
~ 1.llnnllll!lr:t.. U-l"", Alao. _ of t.lI.a data ~st. U.
u.r.:.. rJrJ:¥ ll<>t t.. pal'lIllalU1~ t.he entl.rto dotna1t;r !'8IlP.
'1M abc>'ft, aouplad w:l.U1 UI& fact that ~ ..,11 hu 1t, 0101
cal1bn.tioD """". n.1_ a 'l\lllA1oJ:l ...1&1.1 to tJw feuibllit:r
cf.t~ to est.abl1.llh eall.br&U"" C1UTOI& 1lI tho labc>...tol')"•
.\dd1t:Lo.aa.l .=iI: ahol.l1d A dono to c:1Art.f)' thia pgim.
7. 'tIMo .......ract,,"rll dal:l1IJ.t:' aa.l1b...ucc C'......... in all_a haw
lINn diU....nt than tbo obt.a:1nold durlrl<!' w... atu<tT.
8. n. ..,at......~ t.ion ........... for tlw 1O)1atw'o gaugo, tesWd
.... llnoa:r an:! ;riel.d • h1sh <legrH Of corftlat:Lollo 1'1-. quo.llt:'
of l1neU'iV aDd GOrr.at1on tor tho IOOih telJted ..... not aN'oocte<l
bT tn-a of .,lli.
"'!Iw !0l1.<lldllll: &lda of 1mwstiption &nO p1Anrwcl on~
~ at Pu1'<I.... dIarinll t.M COIIll..q: 1'Iu. n.... &no cone1denod
_ • ..,. __ to be Irt.<.w:UK beloN .. tbol'Ollgh onluat.1on of the llIIlIa....
• t.o can be att.lpted.
1. Pal'torm tllrther WIlts to d.~ the ...""""" far
obte1Q'~ 4l.1'h1'Wlt Oaubn.UcrI 0\I1'ft8 to.. d11:ferent aolla.
tbat 18, 1Jlo'o~ the .Ueat of .,11 t.7Pe. soU ~DiUOl"
..-d gra:l.D. .u. diatr:lbuti.oD on the oounta pol".IIl1nu;t;a l'ead1ng
tor eaalI :lmbuIIBnt. tem on tldlI &I'e in prCIarau.
2. PeJ"to.... turt.llv testa to dsten:dno tbo extent ""wW'O_~
~ the wdt.~t _ lmClur cou:lta pU' td.l\llte "lat1ml&ll1p.
). ~l ... OCllIIploote Nt or lahonltol'7 ...J.1I:>ratioll 0_' tOT
botI:>. the dam1t,:v am ..,lsturo I&ll/I." tor all t.lu'ee 1nR ntn.
4. the 1IIBt........m. >dl1 be t.alQtn 1Ilto the neld &Dol. oal1b uon
ourfta~ t""",~ t.aI<ml UDder &et.ual. n.l4 aoad.it.1o"',
'l'lWI lIW be <lo:a dur1rlg \bOo lIWD>I' of 1963.
5. J.ao~ 1dll be .ttAmpt.ed bIt-. the n.ld a»d labcmtol7
oa.UJ>r.tioc c,,"-
6. ram >dl1 be pel'f'on0t4 to .,ee~ the r....,1bWv of
~ t.M tII1G1c>esae& at upblJ.Uo oormret. and OOl1Cnt..
r--me tIT IIINnII of the _leu ~t.:v gallgll8. PlanII .....
being l:Il4I to do uu.. ..,t* 11\ u.. '"17 IIIW" Mure•
•
", 'Mett R '!b
'!'boo ~o~ n.ld8 of~ioa an ""6&nted .. 1IIport.ant
&nI&II to be 1DnRipted 1n order that • oomploote~n ot tile nuc~
...-t- NIl. to. ~1.t.4. Ilc>wnor. d.... to • lade of t.iJIIo. tbol.. pu,aea
.... IXlt plumed to be urd.rt.ann <lJ.u-1n<l thh priMm at\d;J o! tile n"olur
"'"'-".
l., ... tb::>lVIIgh ~tion of tbol t;n>u of ....terlAh that can
be u-'. u ata:zlardlI to oIwdt: tlIo nuclaar denait,. S"""'. aIlould
..-
2. Fun.he.. stud;r moul.d be~ of ..t.ho<la of ~l.oall.1
-.uJ'1.rli t:rue llOill\en8it;r.
mllTJlXlJWIHI
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TABLE 1
PHYSICAL DATA OF SOILS STUDIF.D
!'lax. ~tcl. •
AASHO Dry OptiMUIi
Dend ty !'Ioisture Plasticity Specific
", Content ~ Index Gravity
Sand-SoU
""




Coaree sand (11'.7) (14.5)
"
2.71




REGRE3SION LINE EXlUATIONS AIl!l COEPI'TCIENTS





Slln<1-Soll Mixture , • ,- 98.""4 ,
Cravel , • 19}09 68.,95 ,
Coarae 5llnd , • ''"'0 68.955 ,
Dl,lne Sand , • "568 88.,,8 ,
Y • Average oC live counts per cinute
x • Unit weight oC soil
'Least squares regression line. where X is the
independent variable.
Standard Error oC Estimate Cor Coarse sand.






Test So11 Type end \/eigllt ~Yerage Voltage bra tion
'0. Co",paction
""
Count .. setting Counts
~§2:11 Mix I;Ure
, PneulMtic COOlpaeted 11?3 11?84 ,,, '30?'
, Pneumatic COOlpacted 126.8 101 45 9?, 43385
, Pneulll9tie COllpacted 138.0 9""14 9?, 43153
, PneulIl9tie Comlll'c ted 140.0 9535 ,,, 43232
£2!.E.!!!L..§:and
, "'~, Da..p ".., 13938 WO, 43116
6 Poured 0.., 99.0 1188? 990 43142
? Poured 0<, 99.' 116?4 990 43108
, Vibrated 0.., 113.0 110'79 990 428?5
9 Vibra t"ed 0.., 113.5 10871 990 4,125
w COOlpaC ted D....p 118., 10891
'00' 43239
"
Poure!! saturated 129.8 9124 99' 4}14'
"
Vibrated saturated 135.6 9228 99' "'~U2
Table Continue!!
•.... t Unit Cal1_
Teet Soil TYPll and Weight Average Vol tage bratton
'0. Compaction ~, COllnts i;;etting Counts
!!£a"'eL
"
POllud Dry 9".9 12775 999 "~199
•
"
Vib.... ted Dry 109.~ n"" 995 4~199
"
Compac ted Damp 127.5 10674 WOO "~171
•,. V1brllted satv.rated 129.7 1O}}2 995 43}62
"
PoU....d Saturated B2.8 9600 995 4}277
~!!e ~nd
"
COlllpacted ,., 8S.} 15028 WOO 43127
"
Compac ted "'., 103.5 ,,- WOO
.""
20 COlllpBC ted DalOp 114," 12493 WOO 43271
n Compacted Damp 115.5 12~5 '005 ",140
"













'I'est Average Lower and. Lower and.
'0. Count Upper LiOllta Upper L1=lts
, ... 11784 »?O? 11&79 ""00 n968
, 101"5 "on 10202 '99' 10292, 9"1" "06 "". "'" 9S7"• 9S~S 9~"S ,"" 9~7" 9696
5
"
139}8 13769 14 192 1~?"" 14 1}2
, n887 11747 1?12? n?08 ,-
7 1167" 11470 11919 1 l "9<' 11853
, n<>79 10917 11 236 "906 112S2, 10B71
",'" 11127 10699 110
4 3
"
10891 10741 11011 10719 11063










11899 11828 "008 ll719 12079
"















"..". ",.. 1'625 132951 l36??
'"
12493 12319 12643 12 30.? 1;,,'60"
"
12425 12285 125$'4 122'5 126.\5
"
119651 11941 11993 11784 121~
"
"'atar
""59 ""'<). 19071 11:11:." 19185
"
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o 4 10 16
MOISTURE CONTENT-PERCENT
20
FIG.2 STANDARD AASHO COMPACTION CURVES
FOR SOILS TESTED
"
7 8 9 10 II
RADIUS OF CONTAINER-INCHES
FIG. 3 COUNTS PER MINUTE VERSUS RADIUS OF
CONTAINER FOR VARIOUS DEPTHS OF
L10UID (99.6 peF) NUCLEAR CHICAGO
6
2 I
'1~f , "9", t ';
"




V "lOTES· DOUlLE POIOlTS INDICATECHECK TESTS




















































































o 2 <l 6 B 10
DEPTH-INCHES
FIG. 5 INFLUENCE OF DEPTH OF L10UIQ ON COUNTS
PER MINUTE FOR SEVERAL UNIT WEIGHTS
(20 INCH CONTAINER) NUCtE AR CHICAGO
•
10 100 1:30 1£0
UNIT WEIGHT-POUNDS PER CUSIC FOOT
FIG.6 COUNTS PER MINUTE VERSUS UNIT WEIGHT



























NOTE> SAN~SOlL MIX UNIT WEIGHTS
DElE_NED BY SAND CONE
METHOD. UNIT WEIG~nS OF
REMAINING SOILS OETERMINEO ---'''-
10 BY Bl.t.~ WEIGI1T AND VOLUME
M£ASUREMENTS.
9 f----+--+---'--~--__l
90 100 110 120
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WATER-POUNDS PER CUBIC FOOT

















8ao 100 120 140 160
BULK UNIT WEIGHT-POUNDS PfR CUBIC FOOT
FIG.9 N-C DENSITY CAUBRATION CURVE
SHOWING EFFECT UPON COUNTS PER
MINUTE ~ MOISTURE CONTENT
a ~ 12
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OSSM (,'103.3 LB.lCU,FT, ,.,>:se
o SSM X,,' 123,2 LSI cU,FT 0.) _19.3
L:\.CS X,,' 132.5 LB/CUFT 0.)'103
XSG (,. 143.1 Le,/CUFT 0.)'4.8
----elTiMATEO BEST FIT LINES
-
-
,JIL.L--l------!-----'------'--!:-----!'o---!:--'~o 2 4 6 8 10 12 14 16
OEPTH OF SOIL IN CONTAINER- INCHES
FI G. 13 RELATIONSHIP BETWEEN RELATIVE COUNT AT
VARIOUS DEPTHS OF SOIL FOR GIVEN DENSITIES
, ,
LEGEND
(D SSM r· 123 LB/CU. n. LB......ATER leV.FT,' 1\1.\1
~ cs r· 132.5 L8/CUFT. LB.'NiHER/tu FT' 12.4
(j)SG r. 143 LB/tU.fT. L8.WATER/CU.FT.• 66
1.80 @)es y.. 123lB/CU.FT LB WATER/eu,FT.' 24


















o 2 4 6 8 10 12 14
DEPTH OF SOIL IN CONTAINER
FIG. 14 RELATIONSHIP BETWEEN RELATIVE COUNT
AT VARIOUS DEPTHS OF SOIL FOR GIVEN
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90 100 110 1.1':0 130 140 150
SAND CDNE DENSITY - PDUNDS PER CUBIC FOOT
FIG' 15 VIATEC DENSITY CALIBRATION CURVE SHOWING









2 o SANO-SCll "'Ik









SAND CONE DENSITY- POUNDS PER CUBIC FOOT
FIG. 16 VIATEC DENSIli' CALIBRATION CURVE SHOWING SAND














'" I( COARSE SAND
•> o SAND-SOIL "lll<






BULK UNIT WEIGHT- POUNDS PER CUBIC FOOT
FlG.17 VIATEC DENSITY CALIBRATION OJRVE SHOWING
AVERAGE a: LAYER DENSITIES BY BULK METHOD






















• O$AND-SO!l. 11I1 ..
.0. S"'.OY GRAVEL
•
''''::_-:!~-:'::_-_±:_-:!!_;;_-_;O;;_--±.__--,!_;;_-..J90 100 110 120 I~O 140 I~ 160
BULK UNIT WEIGHT- POUNDS PER CUBIC FOOT
FIG. 18 VlATEC DENSITY CAUBRATION CURVE SHOWING
AVERAGE OF LAYER DENSITES BY BULK METHOD



















,.. (l)"'(.tllrlE.)- R.C-1l.AST lAY'EIIJ
(!) TMIAVEJ-A.C.(AVEJ
(i) I:,($.C l- R.C.U•.AST LAYERl
,." <!l '(.($, c}- R.e. IAVEJ
WET DENSITY- POUNDS PER CUBIC FOOT
FIG. 19 COMPARISON OF VARIOUS DENSITY CALIBRATION





"WATER-POUNDS PER CuelC FOOT
FIG. ZO VIATEC MOISTURE CALIBRATION CURVE
""
.-


























-0-- ""0.., .... OCT It, ,962 ....~Eu.nVE COl.tIT Off c:otICi:n J 8~ ~b-::O:::::';::</:;:BLOCK 5
!;;;-_-::;;-_,!;,,-_;!;;,.:~:!;;::=~;!.:c:~~~__J. ~SEPT 21, 1'J62O~ I~
__ 840 &eO 920 960 1000
SCALER 'oQ..TAGE SET f1NG
FIG. 21 VIATEC PLATEAU CURVE SHOWING STA.BIU T'I'
OF RELATIVE COUNT ON STANDARD BLOCK
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DATE TESTED: SEPT. '62
_-so: R,C..{-I8~ XIO-31~+.~06
__C5: RC.:H~X1(1'"3)(.,+ ,4!14








8lJLK UNIT WElGHT-POLNDS PER CUBIC FOOT
F1G.23 N-C CALIBRATION CURVE SHOWING SOIL TYPE
AND VARIANCE IN STANDARDS
--- WITHOUT LEVEUNG COlflSE



















BULK UNIT WEIGHT- POUNDS
FIG.2.4 N-C CALIBRATION CURVE SHOWING EFFECT OF




















BULl< UNIT WEIGHT-POUNDS PER CUBIC fOOT
FIG.25 N-C CALIBRATION CURVE FOR C~E SAND


























UNIT WEIGHT-POUNOS PER CUBIC FOOT
FIG.26N-C CALIBRATION CURVE FOR COARSE SAND
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SCIl,LIl,R 'oOLTAGE SETTING X Io'!
FIG.27 N-C PLATEAU CURVE SHOWING STABILITY OF












a:--- PERIOD OF TESTING-AUGUST, 1~2












, 80 ~ 100 110 12. "OV
BULK UNIT WElGHT-POONDS PER CUBIC FOOT
FIG. 28 IllUSTRATION OF RELATIVE COUNT INCREASE
OVER TESTING PERIODS. AND CONSISTENCY OF
TESTING PROCEDURES BETWEEN OPERATOR I



















110 115 120 125 130 135 140 145 I~
WET DENSITY OF TOP LAYERS-SANOCONE METHOD
FIG.29 RELATIONSHIP BETWEEN SAND CONE DENSITY





120 125 00 135 140 146
Of TOP LAYERS- SAND CONE MEn-tOO- LB/CV. FT
•
FIG. 30 RELATIONSHIP BETWEEN SAND CONE OENSITY
AND CALCULATED BULK-VOLUME DENSITY ON
LAST LAYER
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